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ABSTRACT
This thesis characterized terrestrial source and aquatic sink relationships of water
mediated transport of terrestrial materials from the adjacent terrestrial source
(watersheds) to the aquatic sinks (streams and coastal waters). Previous researchers
noted that coastal waters of the West Florida Shelf showed variation in concentrations of
Colored Dissolved Organic Matter (CDOM) along the north-south gradient. It was
hypothesized that since the dominant constituents of CDOM are derived from terrestrial
sources, characterization of the adjacent watersheds in terms of their source and water
mediated transport potential of terrestrial materials to the aquatic sinks would help
explain the variability reported along the north-south gradient. Watershed characteristics
analyzed for this study included: soils properties; slope; landuse properties; rainfall and
in-stream discharge; as well as Apparent Color (AP) and Total Suspended Solids (TSS).
These soil, slope, and landuse based analysis were integrated in a Geographic
Information System (GIS) and were further divided into: soil-, model-, flowpath- and
landuse-based analysis to quantify source and transport potentials for the watersheds.
Due to lack of long-term riverine CDOM data, this research used AP and TSS as a
surrogate for water mediated terrestrial sources of materials. The watersheds were
grouped into northern watersheds (Group A: Alafia and Hillsborough) and southern
watersheds (Group B: Manatee and Peace) based on CDOM concentration and
constituent differences noted by other researchers.
Results showed that compared to the Group A, the Group B watersheds had a

xvii

higher potential for source materials as well as watershed characteristics that facilitated
water mediated transport of terrestrial materials to the aquatic sinks. The Group B
watersheds showed: higher OM; increased highly erodible soils; higher erosion potential;
presence of high and very high slope-lengths; increased southeast facing slope (hence
increased biomass); increased slope characteristics associated with acceleration and
divergent flow (facilitating soil erosion and sediment transport); and dominant
agricultural landuse .
Since Group B watersheds showed increased source and transport potential as
well as increased AP & TSS values under similar rainfall conditions, this research results
may be able to help explain some of the variability noted by other researches in terms of
CDOM concentration along the north-south gradient.
Many terrestrially-derived materials interact and influence water quality
parameters and consequently the health of aquatic systems. This thesis aimed to enhance
understanding the role of watershed’s characteristics in this vital land (source) -water
(sink) relationship and associated water mediated materials transfer.
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CHAPTER I
1.0 INTRODUCTION

The terrestrial characteristics of a watershed greatly influence the origin,
composition and concentrations of sediment-borne pollutants as well as their subsequent
deposition to surrounding aquatic environments. Vital to this movement of materials
across the landscape is the nature and extent of soil erosion processes within a drainage
area. Soil erosion is a hydro-geomorphic process vital to the formation of new fertile soils
as well as landscape development when occurring at natural rates. However, many factors
including: soil physical and chemical properties, topography and precipitation to name a
few, all affect rates of erosion and may vary significantly from place to place.
Additionally, Lal, (2000) cited the ability of anthropogenic activities such as urbanization
and agriculture to accelerate soil erosion thus having the potential to amplify soil loss
under certain climatic and environmental conditions. However, soil loss is not the only
problem under such conditions and additional consideration must be given to chemicals
absorbed by, and organic material attached to, these transported soil particles (Pepper et
al., 1994). As such, sediment-borne pollutants are a major reason why soil erosion is
widely regarded as the dominant non-point pollution source in many watersheds (Wang
& Cui, 2005). Consequently, soil erosion and its associated transport of dissolved and
particulate materials via sedimentation/deposition processes may be highly influential
with regards to water resources within a given watershed. Therefore, information
regarding any factors affecting these processes must be accounted for when attempting to
characterize the nature, source and fate of pollutants in a given watershed.
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The purpose of this research was to characterize the terrestrial (source)/aquatic
(sink) association present in two groups of southwest Florida watersheds known to differ
with regards to coastal Colored Dissolved Organic Matter (CDOM) concentrations
(Conmy, 2008 & Conmy, 2009). Relationships between watershed composition and instream water quality (e.g., total suspended solids (TSS) and apparent color (AP)) were
investigated in this study. Methodology used to accomplish this consisted of: soil,
flowpath, model and landuse/landcover (LULC) based analysis. It was anticipated that
the identification of similarities and differences between the two study groups would aid
in the understanding of the sediment source/sink association present in these watersheds
by identifying dominant soil, LULC conditions and watershed characteristics influencing
this association.
2.0 OVERALL GOAL

The overall goal of this study was to investigate the terrestrial (source)/aquatic
(sink) association present in a given watershed and its impact on immediate in-stream
water quality. This was accomplished through the completion of four specific objectives
(e.g., soil based, flowpath based, model based and (LULC) based analysis) (Figure 1).
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Figure 1. Concept Flow Diagram Outlining Different Analysis to be used to Characterize
Source/Sink in this Study.

2.1 SPECIFIC OBJECTIVES

Completed specific objectives are described below:

1. Soil Based Analysis: Soil Survey Geographic (SSURGO) database was used to
derive layers pertinent to the spatial and statistical characterization of dominant
soil physical and chemical properties present in each of the watersheds.
2. Model Based Analysis: The Revised Universal Soils Loss Equation (RUSLE) was
integrated in a Geographic Information System (GIS) in order to characterize
areas of potential sediment and thus, potential contaminant yields.
3. Flowpath Based Analysis: United States Geological Survey (USGS) Digital
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Elevation Model (DEM) data was utilized in ESRI’s Arc Hydro extension within
ArcGIS 9.2. Arc Hydro allowed for the determination of the nature and spatial
distribution of: percent slope; aspect; profile curvature; and planform curvature,
across the landscape of each watershed. This information was used to characterize
the direction of maximum slope as well as the convergence and divergence of
flow with in the study watersheds.
4. (LULC) Based Analysis: Changes in SWFMD LULC raster data (Reclassified to
Florida Landuse Landcover Classification System (FLUCCS) level I) was
compared both spatially and temporally using ArcGIS 9.2. This information was
examined in concert with water atlas TSS and AP data as well as USGS stream
gauge rainfall and discharge data.
3.0 STUDY AREA
Study areas for this research consisted of a total of four watersheds located on the
southwest central coast of Florida (Figure 2). These watersheds were divided into two
groups (i.e. Groups A & B) based on the previously determined coastal CDOM
concentrations (Conmy, 2008 & Conmy, 2009). These two groups of watersheds also had
different dominant LULC as defined by FLUCCS level I. It was hypothesized that
grouping watersheds based on the findings of Conmy (2008) and Conmy (2009) and
Conmy (2009) and identifying differences amongst the two groups, would prove useful in
identifying terrestrial watershed characteristics contributing to the coastal variation of
CDOM these areas. Figure 2 shows each of the study watersheds and their associated
grouping. Group A is comprised of the Alafia (1092 km2) and Hillsborough (1748 km2)
River watersheds, while Group B was represented by the Manatee (932 km2) and Peace
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(6078 km2) river watersheds.

Figure 2.Map Showing the Four Southwest Florida Watersheds Comprising the Two
Study Groups.
The most dominant FLUCCS level 1 LULC was determined to be the following: Alafia
(52% Urban and Built-Up), Hillsborough (32% Urban and Built-Up), Manatee (34%
Agriculture) and Peace (21% Agriculture). It is also worth noting that more urban
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dominated Group A watersheds had lower in-stream CDOM concentrations than the
agriculturally dominated Group B watersheds. Finally, Group A watersheds both drain
into the upper Tampa Bay estuary. Meanwhile, the watersheds of Group B (Manatee &
Peace) drain into lower Tampa Bay and Charlotte Harbor Estuaries, respectively.
4.0 BACKGROUND
4.1 WATER QUALITY
Pierzynski (1994) describes water pollution as the degradation and decline in
water quality via various direct and indirect means of transport of chemical, physical and
biological compounds in the water. Pierzynski (1994) suggests that issues surrounding
water quality are a major source of current as well as future economic and environmental
concern. Evangelou (1998) when discussing the relationship between soil, water and
various water treatment technologies describes water as an important medium for
reactions vital to the natural functioning of biological systems (e.g., nutrient transport,
temperature regulation as well as acid-base interactions). In addition, he notes the
polyphasic nature of water (i.e., present as either solid, liquid or gas depending on
environmental conditions) and contends that the current industrialized state of our planet
has made the occurrence of water in its “pure state” a relative term. Evangelou (1998)
discusses some factors facilitating the contamination of water in its various phases. For
instance he notes the potential of anthropogenic and/or natural chemical substances to be
dissolved by the gaseous and liquid phases of water, thus decreasing natural purity.
Evangelou (1998) posits that these dissolved substances fall under two general
categories; 1) inorganics (e.g., metals, metalloids, as well as both sTable/and or
radioactive isotopes); and 2) organics (e.g., pesticides, industrial organics such as
petroleum by-products). Included in either of these groups are various forms of decaying
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plant and animal matter, roads salts, bacteria, viruses, algae and sediments (Evangelou,
1998). For a complete list of aquatic contaminants and their properties, the reader is
referred to Evangelou, (1998), pp. (483 – 497). The adverse affects of these on water
quality are often manifested in the form of poor taste, odor, turbidity as well as toxicity
(Evangelou, 1998).
In 1972 the Allen County, Indiana, Soil and Water Conservation Service, USDASoil Conservation Service, Purdue University, and the University of Illinois participated
in what has been become known as the Black Creek Project (Karr & Dudley, 1981). This
study of nonpoint source pollution (NPS) was conducted in a 48.5 km2 subwatershed of
the Maumee River basin. Karr & Dudley (1981) discuss the significance of this project
in terms of it being the first detailed investigation conducted in the United States
regarding nonpoint source pollution (NPS). More specifically, their research focuses on
contributions of agricultural processes to the degradation of water quality and thus,
overall environmental quality (Karr & Dudley, 1981). Additionally, Karr & Dudley
(1981) address the need to incorporate a holistic approach to water resource management
including; 1) traditional soil and water conservation management; and 2) design
innovations aimed at restoring biological integrity. The research presented here focuses
not only on the former (e.g., the physical and chemical properties of soils) but also
components related to landscape development and geomorphology (e.g., LULC,
topographic and flowpath conditions). All of which have been shown to affect the
deposition of materials to aquatic environments (see following sections).
Pepper et al., (1996) discusses various sediment sources within a watershed that
can be ultimately delivered to immediate surface waters. He estimated that continuing
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processes of both natural and anthropogenic forms of soil erosion are responsible for not
only the loss of tens of thousand hectares (ha) of riparian zone annually but also the
transport of hundreds of millions of tons of topsoil annually, to coastal areas via stream
and river networks (Pepper et al., 1996). They also note that in some situations river bank
erosion has the potential to mask anthropogenic pollutions sources. Additionally, Pepper
et al., (1998) describe how the adverse effects of sediment deposition to aquatic habitats
can vary according to environmental conditions such as LULC and river size (Pepper et
al., 1998). Pepper et al., (1998) address such variation in sediment impact in the context
of the later, using the Mississippi River as an example. They also describe how large
rivers such as the Mississippi naturally carry roughly 500 mg L-1 of suspended solids, and
may be unaffected by various construction activities depositing tons of sediment to a
section of the river as well as the potential for exacerbation of these conditions due to
poor LULC management practices (Pepper et al., 1998). However, Pepper et al., (1998)
notes that naturally sediment free streams may have their water quality significantly
impacted by the introduction of as little as a single ton of sediment annually.
It remains an accepted fact that the array of dissolved materials that are delivered
to aquatic habitats via sediment transport pathways and watershed characteristics play a
critical role. As such, in order characterize the terrestrial (source) / aquatic (sink) as it
pertains to sediment sources and sinks, it may be useful to examine the relationship
between measured water quality parameters as well as their relationship to both soil
erosion and sediment yield processes within a watershed in reference to in-stream water
quality (viz. parameters directly and indirectly related to sedimentation). This research
accomplished this goal by comparing selected water quality parameters for each of the
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watershed.
As mentioned earlier, CDOM data reported by Conmy (2008) and Conmy (2009)
and Conmy (2009) were used to group the four watersheds into two groups. However,
although readily available via remote sensing techniques, CDOM is not a water quality
parameter that is measured routinely by monitoring agencies. Additionally, resolution
limitations regarding satellite imagery often limit the study of these potential
contaminants via such techniques to coastal and open ocean environments.
Accordingly, water quality parameters selected for this study were intended to
serve as a proxy for CDOM and thus contaminant distribution in in-stream environments
through out the study watersheds. Two widely measured water quality parameters used in
the research were: 1) Total Suspended Solids (TSS) and 2) Apparent Color (AP). The
following sections will first discuss the role and characteristics of CDOM since the
watershed are grouped based on CDOM characteristics as reported by Conmy (2008) and
Conmy (2009) and Conmy (2009). Subsequent sections will provide a brief discussion of
each variable as well as their relationship sol erosion, sediment yield processes and water
quality.
4.1.1 Colored Dissolved Organic Matter (CDOM)
Coble (2007) suggests CDOM can best be explained by considering its terms
separately (e.g., “colored”, “dissolved” and “organic matter”). Coble (2007) defined the
following:

Colored: Referring to the optical properties of CDOM, which include a
yellowish color (absorption of blue light) and blue fluorescence.
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Dissolved: Define operationally by mechanical separation of water samples
using filtration, centrifugation or other techniques to remove particles larger
than some minimal diameter.
Organic Matter: Material containing both carbon and hydrogen and is of
biological origin.

Sources of dissolved organic material (DOM) in aquatic systems have been
credited to (2) means of production: (1) the degradation of terrestrial plant matter and (2)
in-situ production related to the degradation of aquatic macrophytes and phytoplankton
(Bracchini et al., 2005).
Given CDOM is a major constituent of the DOC pool in any catchment, it stands
to reason that its sources and occurrences would be similar. Currently sources of marine
CDOM are not well-known or understood (Repeta et al., 2004). However, Aitkenhead et
al. (1999) found strong positive linear relationships between mean in-stream DOC
concentrations, peat cover and soil carbon content, thus establishing a link between
terrestrial soil conditions and in-stream DOC concentrations. As it pertains to CDOM,
numerous studies (Blough et al., 1993, , Chen et al., 2007, Coble et al., 1998; & Stedmon
et al., 2003) have shown coastal areas are often dominated by high concentrations of
terrestrially derived CDOM.
Bowers & Brett (2007) use a simple box model to confirm the occurrence of an
inverse relationship between CDOM and salinity in estuarine environments. Chen et al.,
(2007) investigates this relationship further and establishes that this relationship varied
according to precipitation amounts and suggests that CDOM is being transported to
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coastal areas via the riverine systems of immediate catchment areas. Additionally,
Conmy (2008) and Conmy (2009) and Conmy (2009) note the use of optical properties in
distinguishing possible sources and compositions of CDOM in coastal regions. She goes
further to discuss the contributions of river runoff and soil humic substances (e.g., humic
and fulvic acids) to coastal CDOM concentrations.
Considering its abundance, optical properties and reactivity, CDOM has been
widely utilized as a tool for assessing water quality conditions in not only fresh water, but
also coastal and open-ocean aquatic environments. It is important to note however, that
the very nature of this substance is variable and is subject to its sources and the
environment in which it ultimately resides.
The abundance and distribution of CDOM is attributed to many factors including:
in-situ production, photochemical bleaching, deep ocean circulation and terrestrial input
(Blough et al., 1993; Nelson et al., 1998, 2007; Blough and Del Vecchio, 2002; Siegel et
al., 2002; Spencer et al, 2007). CDOM measurements have been extensively utilized to
study the quality of aquatic ecosystems particularly coastal regions (Del Castillo et al.,
1999, 2001; Kowalczuk et al., 2003; Stedmon et al., 2003; Chen et al., 2004; Conmy et
al., 2004b; Nelson et al., 2007). Baker and Spencer (2004) utilized methods for using
CDOM to trace riverine inputs to coastal areas and even distinguished between source
waters in order to track river-borne pollutants.
The above citations show there is a well established link between coastal CDOM
concentrations and immediate terrestrial environments. Additionally, Group A and Group
B watersheds are known to differ with regards to dominant LULC (e.g., Group A, urban;
Group B, agricultural). Therefore, CDOM provided a viable means to classify the
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watersheds into two groups for investigating the terrestrial (source) and aquatic (sink)
relationship of CDOM and other contaminants.
This research posited that the investigation of water quality parameters that were
proxy for CDOM in the context of this source/sink association may provide insight into
the chemical, physical and topographical watershed properties most affecting sediment
sources and transport within these basins. Conmy (2008) and Conmy (2009) for example,
noted that color is often considered a measure of ecosystem health and is consequently
monitored by monitoring and management agencies. Additionally, numerous authors (see
soil sections), have supported a strong association between sedimentation rates and instream water quality. As such, this study employed the use of two widely measured water
quality variables (i.e. TSS and AP), in order to: 1) address source/sink conditions in each
drainage area at the in-stream scale and 2) relate the divergence of the terrestrial and
aquatic conditions to the presence of variability as it pertains to coastal CDOM
concentrations.
4.1.2 Apparent Color (AP)

Florida Lakewatch (FLW) Circular 108, (2004) describes AP in common terms as
the color of a water feature as view by an individual. This may be colorless (i.e., clear),
blue, green, yellow, red, brown, black or some variation in between (FLW Circular 108,
2004). When speaking of quantifying AP in terms of platinum-cobalt units (PCU)s (i.e.,
the higher the PCU the more color present), FWL Circular 101, (2000) defines AP as the
color of an unfiltered water sample and go on to explain that it is measured against a
platinum-cobalt standard using spectral methods. Water color effects both the quantity
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and quality of light available to benthic habitats, perhaps this is why FWL Circular 101
(2000) credits light with being the limiting environmental factor (in the case of color,
blocking light and retarding algae growth) in many aquatic environments.
The AP of surface waters can be the result of numerous factors including: amount
of substances either suspended (e.g., algal matter, sediment, etc.) or dissolved (e.g.,
metalics, humics and OM) in the water column; water depth; substrate, as well as the
presence or absence of plant life (FWL Circular 108, 2004). FWL Circular 101, (2000)
adds that soil hydrologic conditions have also been known to influence the AP of surface
waters. For example, water bodies adjacent to poorly drained areas such as swamps
typically have higher AP values than those near more well drained soils (FWL Circular
101, 2000). Accordingly, Watts et al. (2000) notes that water passing though peat soils
often appear colored. In addition, Donald et al. (1991) describes how the release of color
from peat is the result of a two stage process whereby: (1) elevated rates of aerobic
microbial activity leads to increased availability of humic and fulvic acids; and (2)
subsequent washout deposits these color altering materials to aquatic environments.
Eatherall, (1998) credits humic and fulvic acids with comprising 50 to 75% of DOC in instream environments. Watts et al. (2000) suggests that similar processes govern the
occurrence of both DOC and AP. Furthermore, it remains an accepted fact that water
quality parameters such as AP and TSS are closely tied to terrestrial conditions.
Therefore, their viability as water quality parameters for a study attempting to link
terrestrial sources to aquatic sinks is supported.
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4.1.3 Total Suspended Solids (TSS)

In a 1988 report the United States Environmental Protection Agency (EPA)
identifies fluvial sediment as the most widespread pollutant in the nation’s rivers and
streams. Glysson et al. (2002) explains that the effects of suspended sediments in surface
waters have been successfully quantified using the water quality parameter TSS. They
suggest that the utilization of reliable, quality-assured sediment data is imperative for the
assessment and remediation of sediment-impaired waters. As Michaud (1994) explains,
TSS is an analytically derived indication of the amount of solids (e.g., minerals and
organics) suspended in the water column, and is quantified as the weight of suspended
materials per volume of water. Additionally, USGS has established protocols for sample
collection (Edwards and Glysson, 1999) as well as for subsequent laboratory analysis
(United States Geological Survey, 1998 and 1998a).
Gray et al. (2000) notes that although measurements of this TSS can result from
differing methods, a vast majority (including those employed by the USGS) involve
measuring the dry weight of sediment contained in a known volume of water. However,
they go on to caution that because methods for measuring TSS were originally derived
for examining waste water samples, variability with respect to accuracy has been found
when such methods are applied to surface water samples. Maybeck et al. (2001) intimates
that because denundation processes vary significantly with space and time, so too will
TSS concentrations in affected aquatic environments. In addition, the Washington State
Department

of

Ecology

(www.ecy.wa.gov/copyright.html)

describes

how

TSS

concentrations are also influenced by heavy rains as well as seasonal changes in algae
populations. Depending on native soils and geology, fast moving waters have the
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potential to facilitate increased particle detachment, erosion and thus sediment
contributions to surface water environments. Meanwhile, algae blooms can vary
according to season and are therefore another source of inconsistent TSS measurements.
Despite the uncertainty associated with TSS measurements, what is apparent is
that TSS conditions in surface water environments are closely tied to the runoff
conditions, soil type and geology of the drainage areas of interest. As such, the
Washington State Department of Ecology (www.ecy.wa.gov/copyright.html) credits
LULC with being the most influential factor affecting concentrations of TSS in surface
waters. They discuss how watershed development leads to an increase in disturbed areas
(e.g., croplands and construction sites) as well as a decrease in vegetation cover and
increased runoff. Any and all of these conditions can increase soil erosion in a drainage
area and subsequently, aquatic concentrations of sediment, particulate mater and nutrients
(The Washington State Department of Ecology, www.ecy.wa.gov/copyright.html). In
addition, Pepper et al. (1996) discusses how introduction of such materials can lead to
increased algal populations, consequently elevating the potential for eutrophic conditions
to

prevail.

The

Washington

State

Department

of

Ecology

(www.ecy.wa.gov/copyright.html) suggests the significance of TSS measurements lies in
not only in the adverse effects suspended particles impose on aquatic habitats (i.e.,
attenuation and decreased dissolved oxygen concentrations) but also in their potential to
deliver pollutants (i.e., adsorbed organic and inorganic compounds) to affect surface
waters (Michaud, 1994). As such, TSS is often used as a proxy for other potential
pollutant sources in a given drainage area (Glysson et al. 2002).
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4.2 SOILS

When considering the term “soils” with respect to environmental applications
Hillel (1998), defines soils as “a natural body, engaged in the dynamic interactions with
the atmosphere above and the strata below that influence the planet’s climate and
hydrological cycle and serves as a growth medium for a versatile community of
organisms”. He went on to discuss the importance of soil as a bio-physical-chemical
reactor vital to the decomposition of waste as well as nutrient cycling. The properties of
the former and their relation to pollution transport will be discussed singularly in later
sections (See: Soil Physical Properties and Soil Chemical Properties). Brady (2008)
suggests soils are crucial to life on earth and are closely associated to many
environmental problems including: global warming, ozone depletion, rain forest
destruction and water pollution, to name a few. He goes on to describe the (6) ecological
functions of soil.

1. Soil supports the growth of higher plants: Provides a medium for plant
roots and elemental nutrient delivery, thus determining the nature and extent
of natural vegetation cover.
2. Soil controls the fate of water in the hydrologic system: Water loss,
utilization, contamination and purification are all affect by the soil properties.
3. Natural recycling system: Basic elements are made available for organism
uptake by the assimilation of decaying organic material within the soil.
4. Soil as a habitat: Provides habitat for organisms including; microscopic cells,
insects, reptiles and small mammals.
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5. Atmospheric Composition: Soils uptake and release large quantities of
carbon dioxide, oxygen, methane by contributing dust and re-radiated heat
energy into the atmosphere, thus influencing atmospheric composition and
physical properties.
6. Engineering medium: Soil is used as a building material (i.e., earth fill and
bricks) and also provides the foundation of every road, airport and home.

While these functions undoubtedly highlight the importance of soils in assessing the
Earth’s ecological conditions, they also demonstrate the versatility of this substance. That
soil is highly influential with regards to terrestrial conditions should come as no surprise.
However, the prominent role of soil in atmospheric conditions and the hydrologic cycle,
hint at a complex material whose reactivity spans several phases (i.e., solid, liquid and
gas).
Hillel (1998) defines soil as “heterogeneous, polyphasic, particulate, disperse and
porous system, in which the interfacial area per unit volume can be quite large”. He goes
on to cite an example stating that a single handful of clay can contain upwards of 2.5
hectacres of internal surface area. This vast amount of surface area is quite significant
given it is the site of interfacial activity within the soil column and gives rise to
phenomena such as the adsorption of water and chemicals (See The Role of Soil in
Pollutant Transport), capillarity, and ion exchange to name a few (Hillel, 1998). Hillel
(1998) also intimated that there are phases of ordinary matter represented in the soil and
described them in the following terms;
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1. The Solid Phase: (Soil matrix); Provides the skeletal framework of the
soil and determines the geometric characteristics of pore space. Consists
of particles that vary in chemical composition as well size, shape and
orientation. Contains organic matter which can often bind to minerals, thus
forming soil aggregates.
2. The Liquid Phase: (Soil solution); which contains all dissolved
substances and varies in time and space.
3. The Gaseous Phase: (Soil atmosphere); is the gas mixture present in the
soil pore space and varies in time and space.

The proportions of the three phases in the soil are dynamic and are subject to change
depending on variables such as weather, vegetation and management (Hillel, 1998).
Brady (2008) when discussing soils cites the importance of soil as an interface between
the worlds of rock (lithosphere), air (atmosphere), water (hydrosphere) and living
organisms (biosphere). He uses the term pedosphere when referring to soil, and credits
such environments with being among most complex and productive on Earth. In addition,
the dynamic nature of soil ensure that proportion of each participant of the soil interface
will change as environmental conditions influence the various biological, chemical and
physical processes associated with the affected soil. One such process, soil erosion, is
influenced by all three types of processes and is highly influential with regards to
contaminant transport in a given area. The role of soil erosion as a vehicle of pollutant
transport is significant (Wang & Cui, 2005) and is therefore must be given ample
consideration when characterizing the pollutant source/sink association present in a
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particular drainage area.
4.3 SOIL EROSION

Soil erosion processes ultimately result in the disaggregation and dislocation of
soil macromolecules as well as their associated organic material. Lal (2000) describes
soil erosion as the displacement of soil material by agents of erosion (e.g., wind, water
and gravity). This displacement is commonly identified as a three step process: (1)
detachment of soil particles from the soil mass; (2) transportation of detached soil
particles through the watershed system; and sedimentation or deposition of the
transported particles (Pepper et al., 1996). These substances whether organic, inorganic,
particulate and/or dissolved can significantly alter the biological, chemical and physical
processes of aquatic environments to which they are deposited. As such, soil erosion may
significantly effect the distribution of pollutants in a drainage basin. Additionally, while
the substances transported by these processes in many cases ultimately reside in coastal
waters, it is the rivers and streams within the watersheds that facilitate their movement to
these estuarine habitats. In addition, due to the inherently spatial and temporal variability
of these processes, assessment of soil erosion can be costly and time consuming (Breiby,
2006). Soil biological, chemical and physical properties are determining factors as it
pertains to the rate and extent of erosional processes. In addition, due to the fact that
many different types of pollutants are added to soil, and given soil is in direct contact
with both the water and atmosphere, the ultimate fate of a pollutant and its impact on
aquatic habitats can be directly linked to soil type (Pepper et al., 1998). Therefore, to
fully assess the impact of soil erosion on water quality in a drainage area one must
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examine physical, chemical and biological properties of the soil(s) of interest.
4.4 SOIL PROPERTIES
Characteristics of soils can be divided into soil physical, chemical and biological
properties. In the following section relevant soil physical and chemicals properties will be
discussed.
4.4.1 Soil Physical Properties

When observed at the landscape scale variability in soil type and consequently
erosion rates can be greatly attribuTable its physical properties. In fact Brady (2008)
offers that this, what he refers to as “suite” of soils, is comprised of members each of
which influence ecological processes in particular ways. He goes on to posit that a
complete understanding of a given landscape is dependent on knowledge of the
relationship between the soil’s physical properties and the immediate environment. The
importance of this interaction becomes more apparent when one considers the vital role
environmental factors play in soil forming processes. Hillel (1998) defines soil in
reference to these factors as “the weathered and fragmented outer layer of the earth’s
terrestrial surface”. Additionally, Brady (2008) describes weathering as biochemical
processing involving both destruction and synthesis, by which original rocks and
minerals (i.e., parent material) are destroyed by both physical disintegration and chemical
decomposition. The former occurring during physical weathering processes the later,
chemical weathering processes (Hillel, 1998). Over the course of millennia these
processes known as soil genesis continues and ultimately produces active soil that differs
quite drastically when compared to it original parent material (Stevenson, 1986). What

20

results is the formation of the characteristic soil profile which Hillel (1998) advises
visualizing as a composite living body much in the same way one thinks of the human
body as a distinct organism. However, he makes the distinction between the two by
alluding to the fact that soil is in actuality “an ensemble of numerous interdependent and
symbiotically coordinated groups of cells, organs, and colonies of various
microorganisms”.
Hillel (1998) refers to the development of the soil and its profile as pedogenesis
and Brady (2008) states that it is controlled by five major soil forming factors; (1) parent
materials (geological or organic precursors to the soil); (2) climate (primarily
precipitation and temperature); (3) biota (living organisms, especially native vegetation,
microbes, soil animals, and humans); (4) topography (slope, aspect and landscape
position); and (5) finally, time (period of time from initial soil formation to present).
Accordingly, as it pertains to these factors, Brady (2008) defines soils as “dynamic
natural bodies having properties derived from the combined effects of climate and biotic
activities, as modified by topography, acting on parent materials over periods of time.
However, the specifics of soil forming factors as well as information regarding various
soil profiles is beyond the scope of this research and those seeking additional information
are referred to Hillel (1998) and Brady (2008). Finally, Brady (2008) notes that parent
materials vary widely not only around the globe but also at much larger scales (i.e. meters
apart).
Accordingly, soil physical, chemical and biological characteristics are subject to
the same variability. The relevance of which becomes more apparent when both their role
in soil erosion and depositional processes in a particular area, as well as the degree of
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heterogeneity across the landscape are considered. Additionally, as it pertains to this
research, the interaction of soil physical, chemical and biological properties are of
particular interest given their place in contaminate transport processes via sediment
transport pathways in a given drainage area. When studying soil permeability O’Neal
(1949) agreed and argued that no singular clue in the field could be used as a reliable
indicator. He went on to suggest that each of these indicators must be considered in
reference to one another. Finally, Lin (1998) specifically credited the morphological
aspects of soil texture, initial moisture state, pedality, macroporosity and root density
with being influential in the flow and transport processes of field soils. This manner of
thinking is readily applicable to this study which seeks to investigate the association of
soil erosion and contaminant transport. Accordingly, the following sections will discuss
the nature and relevance of the various soil physical and chemical properties to be
included in this study.
4.4.1.1 Soil Organic Matter
As living organisms die, their wastes and secretions are a source of particulate
organic matter for the soil (Gobat et al. 2004). Gobat et al. (2004) discusses how this
initial state of soil organic matter also known litter, is comprised of all organic matter at
various stages of decomposition (i.e., organisms, parts of organisms, excrement and plant
debris). It is important to note however, that term litter is generally used to describe plant
debris which is found on the soil (leaves, fruits, twigs and needles), forming the OL
horizon of the soil (Gobat et al. 2004). In addition, Gobat et al. (2004) described two
types of plant litter:
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1. Ameliorating: Rich in nitrogen (N) and cellulose, poor in lignin, activates
bacterial activity, and is supplied by broad-leaved trees and herbaceous plants
(Fitter, 1985).
2. Acidifying: Lignin rich, low in N, inhibits bacterial activity, high in tannins, toxic
phenols as well as organic acids.

They conclude their discussion of litter by naming a third type representing animal litter,
known as chitin. Being of animal origin this substance is biochemically divergent with
respect to the previously mentioned forms of plant derived litter. Gobat et al. (2004)
noted specifically the prominence of proteins as opposed to cellulose and lignin found in
the others. Additionally, Mason (1976) posed that these sources of SOM contain large
amounts of vitamins, minerals and growth factors.

The other forms of SOM are described by Gobat et al. (2004) as being more
complex than litter. These substances known as humidified molecules (Gobat et al.,
2004), humic substances (Brady, 2008) and humus (Hillel, 1998), of which when
referring to the later (Hillel, 1998) described it in general terms as a usually dark-colored
material found on in the surface zones of soils. The Glossary of Soil Science Terms
(SSSA, 1970, 1997) provides a more complete definition and defines humus as “the more
or less sTable fraction of SOM remaining after the major portion of added plant and
animal residues have decomposed”. Stevenson (1982) perhaps puts it more succinctly he
states that “humus does not include un-decomposed or partially decomposed organic
residues such as recent stubble or dead roots”. Hillel (1998) suggests humus is not a
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single compound but rather a myriad of compounds including; lignoproteins,
polysaccharides and countless others. Sposito (1989) defines humic substances as
“compounds in humus that are not synthesized directly to sustain the life cycles of the
soil biomass. He goes on to describe four stages of development for the transition of soil
biomass to humus:

1. Decomposition of biomass components (Sposito (1989) noted lignin) into simple
organic compounds.
2. Microbial metabolism of simple organic compounds.
3. Cycling of C, H, N and O between SOM and microbes.
4. Microbial polymerization of the cycled organic compounds.

Gobat et al. (2004) explains these various compounds are characterized and
placed in homogenous groups based of various analytical techniques including; UV or IR
Spectroscopy, gel chromatography, high performance liquid chromatography (HPLC)
and nuclear magnetic resonance (NMR). Stevenson (1982), Tate (1987) and Sumner
(2000), noted the particular importance of functional groups in characterizing these
various compounds. Sposito (1989) agrees when discussing the application of
spectroscopic and physiochemical methods to humic substances to identifies the (4)
principle structures of humic and fulvic acids determining their chemical reactivity:

1. Polyfunctionality: Variety of functional groups and a broad range of
reactivity (heterogeneous mixture of interacting polymers).
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3. Hydrophilicity: Solvating of polar functional groups (e.g., COOH and O) due
to tendency to form H bonds with water.
4. Structural lability: intermolecular association and dynamic molecular
conformations according to changes in pH, redox conditions, electrolyte
concentration and functional group binding.

Gobat et al. (2004) may have been alluding to this when they discuss how, due to that
fact that these macromolecules are derived from organic debris which has undergone the
chemical and biochemical processes necessary for humification, they can exist in vary
states of polycondensation (e.g., reaction of macromolecule formation involving many
monomers (Gobat et al. 2004)). These molecules are considered to be neoformed (Gobat
et al., 2004) and their proportions in soils are subject to horizon, physio-chemical
environment and vegetation type (Gobat et al., 2004).
Regardless of the SOM source or type what are common amongst them are the
inherent organic substances derived from plant material. Callot et al. (1982) states that
99% of dry plant material is comprised of the following elements (C, H, O, N, P, S, Ca,
Mg, K, Cl and Na). The molecules comprising this plant material vary with proportion of
these elements and fall under within the following categories: carbohydrates, lignins,
lipids, and nitrogenous compounds (e.g., proteins, amino acids, nucleic acids,
nucleotides) (Gobat et al., 2004). The characteristic forms of SOM derived from
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humification processes (e.g., crenic acids, mymatomelanic acids, fulvic acids, and humic
acids) are grouped according molecular mass (smallest to largest, respectively), thus are
reflective of bonding behavior (Gobat et al. 2004). The importance of humics becomes
more apparent when their role as a coagulant and cementing agent promoting aggregate
binding and stabilization is considered (Theng, 1973).These associations which occur in
concert with clay particles, have been known to improve soil structure (Hillel, 1998).
Jabiol et al. (1995) calls this interaction of humics and soil clay, the “Clay-humus
complex or Exchange Complex”, and defined it as an “ensemble of soil materials
constituted by the association of humified organic molecules and clay minerals”. Gobat et
al. (2004) described how at the molecular scale, it is a close chemical bond between clay
mineral layers and the larger humus molecules, both of which are highly electronegative
and are thus subject to ionic bonding. Emerson (1959) attributes these intra-aggregate
bonds to not only electrostatic forces but also, the linkage of organic polymers. Hillel
(1998) agrees that these organic products increase the strength and stability of interaggregate bonding and goes further to suggest that their propensity to reduce wetability
and swelling are also contributing factors. Gobat et al. (2004) discusses the variations in
distribution of SOM, with respects to depth of penetration into the various soil horizons
and Sposito (1989) notes the reactivity of the pool of material. It is the latter of the two
that interacts with soil minerals creating stratified soil layers of various colors. The
importance of SOM in soil formation, aggregation, stability, biochemical productivity
and ultimately characterization cannot be ignored. However, soil physical properties
soley related to formation and constituency cannot account for the role of soil in
sedimentation processes. Physical factors associated with overland flow (e.g., drainage
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class and hydrologic soil group (HSG)) may account for this knowledge gap.
4.4.1.2 Calcium Carbonate (CaCO3)
The NRCS’s NSSH, defined CaCO3 in terms of the quantity of carbonate
expressed as the percent weight of a soil fraction smaller than 2mm. They noted the
influence of this soil property on the availability of nutrients within the soil column and
attributed it to the effects that CaCO3 presence has on soil pH. Orbeza (1995) agreed and
described not only how many Florida flatwood soils contain CaCO3, but also how
increases in concentrations of this property led to decreases in canopy growth of certain
citrus tree species. In addition, both Orbeza (1995) and the NRCS explained that the
distribution of CaCO3 in the soil column can effect overall soil conditions in different
ways. The former credited the presence of CaCO3 near the root zone with inhibiting
nutrient availability; while the latter associated high surficial CaCO3 concentrations with
wind erosion. In either case, CaCO3 is influential with regards to both overall soil
biomass as well as erosion potential. This coupled with its prevalence in Florida soils
warranted it inclusion in this study.
4.4.1.3 Saturated Hydraulic Conductivity (KSAT)

Saturated hydraulic conductivity (KSAT) has been described as: the ease with
which pores in a saturated soil transmit water (NSSH); a quantitative measure of a soils
ability to transmit water under saturated conditions when subjected to a hydraulic
gradient (NRCS); and the ratio of flux to pressure gradient (Hillel, 1998). Hillel (1998)
conveyed how KSAT is a function of soil geometry (i.e., total porosity, pore size and
connectivity) as well as soil water solubility conditions and stated it is a property of both
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the soil and the fluid. The complexity of this soil property may have been what led
Mohanty et at., (1994) to call KSAT “the single most important hydraulic parameter for
flow and transport related phenomena in soil”. KSAT’s integration of various soil
properties in several phases (e.g., solid, liquid and gas) as well as its viability as an
indicator of water movement made it a soil property suiTable for inclusion in this study.
This became more evident when the role of water transport in soil sedimentation
processes was considered. Chapter 3 of the NRCS’s Soil Survey Manual defined K SAT in
terms vertical flow (µm/s) and established KSAT (class) accordingly: (Very High): ≥ 100
(μm/s); (High): 10 – 100 (μm/s); (Moderately High): 1 – 10 (μm/s); (Moderately Low):
0.1 – 1 (μm/s); (Low): 0.01 – 0.1 (μm/s); and (Very Low): < 0.01 (μm/s). These classes
were utilized when conducting spatial analysis of this property.
4.4.1.4 Soil Drainage Class
According to the United States Department of Agriculture (USDA)’s Natural
Resource Conservation Service (NRCS), the scope of part 618 of the National Soil
Survey Handbook (NSSH) was intended in part to include the quantification of what they
term “soil qualities”. The NSSH describe how the dynamic nature of qualities such as
corrosivity, frost, wind erodability and drainage do not make them prime candidates for
direct measurements. The later of which will be given extra attention here, particularly as
it relates to the establishment of drainage classes for particular soils. Scott (2000) defines
drainage simple as “how rapidly excess water leaves the soil by runoff or internal
drainage”, and goes on to note that the term provides a general description of soil
conditions with respect to soil hydroperiod. Harden et al. (2001) describes soil drainage
in terms of water-holding capacity, saturated hydraulic conductivity (Ksat) (i.e., the ability
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of soil to conduct water (Scott, 2004)) as well as seasonal water Table. Finally, the NSSH
refers to drainage class as “the natural drainage condition of the soil”, as it pertains to
duration of wet periods, and name seven drainage classes; (1) excessively; (2) somewhat
excessively; well; (4) moderately well (5) somewhat poorly (6) poorly; and (7)very
poorly drained. The soil Survey Manual (1993) provides the following description of
each soil drainage class;

1. Excessively drained: Water removed from soil very rapidly; internal free
water very rare or very deep; soils are usually coarse-textured and have very
high KSAT.
2. Somewhat excessively drained: Water removed from soil very rapidly;
internal free water rare or deep; soils are usually coarse-textured and have
high KSAT.
3. Well drained: Water removed from soil but not rapidly; Internal free water
occurrence commonly is deep or very deep (annual duration not specified);
water is available to plants throughout most of the growing in humid regions;
wetness does not inhibit growth of roots for significant periods during most
growing seasons; soils are generally free of deep redoximorphic features that
are related to wetness.
4. Moderately well drained: Water removed from soil somewhat slowly during
some parts of the year; Internal free water occurrence commonly is
moderately deep and transitory through permanent; soils are wet for a short
period within the root zone during growing season but long enough to affect
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mesophytic crops; have a moderately low or lower saturated hydraulic
conductivity (Ksat) in a layer within the upper 1 m and periodically receive
heavy rainfall or both.
5. Somewhat poorly drained: Water is removed so slowly that the soil is wet at
shallow depths periodically during the growing season; occurrence of internal
free water is shallow to moderately deep and transitory to permanent; wetness
restricts the growth or mesophytic crops; and have one or more of the
following characteristics, low or very low
6. Poorly drained: Water removed so slowly that the soil is wet at shallow
depths periodically during growing season or remains wet long periods;
occurrence of internal free water is shallow or very shallow and common or
persistent; free water commonly at or near surface long enough during
growing season that most mesophytic crops cannot grow; soil not
continuously wet directly below plow-depth; free water at shallow depth
usually present; result of low or very low (Ksat) or nearly continuous rainfall,
or both.
7. Very poorly drained: Water is removed from the soil so slowly that free
water remains at or very near ground surface during much of growing season;
occurrence of internal free water is very shallow and persistent or permanent;
most mesophytic crops cannot grow; soils commonly level or depressed and
frequently ponded.; if rainfall high or nearly continuous, slope gradients may
be greater.
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The NSSH explains the significance of drainage classes when studying soils and
referred to their utilization as a guide for determining the limitations and potentials of
the soil for things such as; “fields crops, forestry, range, wild life and recreational
uses”. More specifically they state that, drainage is a rough indication of the degree,
frequency and duration of wetness.
4.4.1.5 Runoff Class
Keller (2008) defined runoff as “water moving over the surface of the earth as
overland flow on slopes or stream flow; that part of the hydrologic cycle represented by
precipitation or snowmelt that result in stream flow”. He also described the importance of
this process in: dislodging soil and rock particles; the transport of materials; and stated
the factors affecting runoff also effect sediment erosion, transport and deposition. The
importance of runoff conditions in these processes made it suiTable for investigation in
the context of this study.
The NRCS’s soil survey manual referred to runoff as the loss of water in an area
due to flow over the land surface and described how it accumulates above the zones of
decreased perviousness and thus, differs from subsurface and interflow. As such, the
NRCS created index surface runoff index classes incorporating slope, climate and cover.
This coupling of slope gradient and KSAT resulted in the following general classes and
were used in spatial analysis in this study: Very High; High; Moderately High;
Moderately Low; Low; and Very Low.
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4.4.1.6 Hydrologic Soil Group (HSG)
The section 618.35 of the NRCS’s NSSH, (2001) defines HSG as “a group of
soils having similar runoff potential under similar storm and cover conditions”. It
goes on to describe these runoff influencing properties (i.e., properties that influence
the minimum infiltration rates of unfrozen, bare soils exposed to prolonged
saturation) as: depth to a seasonally high water Table; intake rate and permeability
after prolonged wetting; and depth to a very slowly permeable layer. For additional
information regarding HSG, the reader is referred to (Title 210, National Engineering
Handbook, Part 630, Chapter 7, “Hydrologic Soil Groups”). The NRCS’s Soil Survey
Manual (1993) defined the following four hydrologic soil groups:

Group A (low runoff potential): Soils have a high infiltration rate even
when thoroughly wetted; mostly consist of deep, well drained to
excessively drained sands or gravels; and have a high rate of water
transmission.
Group B: Soils have a moderate infiltration rate when thoroughly
wetted; are mostly moderately deep to deep, moderately well drained to
well drained soils; moderately fine to moderately coarse textures; and
have a moderate rate of water transmission.
Group C: Soils have a slow infiltration rate when thoroughly wetted;
usually have a layer that impedes downward movement of water or have
moderately fine to fine texture; and have a slow rate of water
transmission.
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Group D (high runoff potential): Soils have a very slow infiltration
rate when thoroughly wetted; consist mainly of clay soils that have a
high swelling potential; soils that have a permanent high water Table;
soils that have a claypan or clay layer at or near the surface and shallow
soils over nearly impervious material; and have a very slow rate of water
transmission.

In addition, the NRCS identified an additional three Dual hydrologic groups: A/D;
B/D; and C/D. These designations apply only to soils rated as D in their natural
conditions and subject to adequate drainage conditions (NRCS, 1993). According to
this notation, the first letter represents the drainage condition and the second the
undrained condition. HSG are classified in based on results established in small
drainage areas using infiltrometer plots (NRCS, 1993). HSGs are often used in
equations for solving hydrologic problems such as: watershed protection planning;
flood-prevention projects; and the planning and design of structures for water use
control and disposal (NRCS, 1993). As such, HSG is an important factor when
examing the the hydrologic cycle and thus water quality and must be included in any
study wishing to characterize these processes in a particular drainage area.
Davidson (1995) concludes that soil texture and drainage class are factors
affecting SOM concentrations. Burke et al. (1989) and Parton et al. (1987) note the
importance of primary productivity and soil texture in facilitating the production and
stabilization of SOM. In addition, rooting depth and OM have been shown to be
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integral in determining the presence and stability of soil aggregates and are thus
closely associated with soil structure. The interaction of these soil properties (e.g.,
texture, structure, rooting depth, OM), with physical properties associated with runoff
excess (e.g., drainage class and hydrologic group) is important for assessing the role
of soil type in contaminant transport processes. Therefore, given the close association
of these soil physical factors, as well as their importance in hydro-geologic functions,
their inclusion in any dataset(s) attempting to characterize soil conditions is
imperative. However, the objective this study with regards to soil conditions, is to
investigate their role in contaminant transport processes in a given watershed and
investigation of soil physical properties alone will not complete this task. Thus this
research proposes the inclusion of certain soil chemical properties in order to more
fully characterize sediment-borne contaminant transport and deposition in such
drainage areas.
4.4.1.7 Soil Loss Tolerance (TFACTOR)
Part 618 of the NSSH generalized TFACTOR as soil loss tolerance (tons/acre). It
also gave a more specific definition “the maximum amount of erosion at which the
quality of a soil as a medium for plant growth can be maintained”, where soil quality
referred to: maintenance of soil as a seed bed; activity at the atmosphere-soil interface
and its relation to protection from wind and water erosion; the potential of the total soil
volume to act as a reservoir for water and plant nutrients. In addition, Part 618, Subpart
B, Exhibits, Section 618.93 stated that TFACTOR is assigned according to properties of
root and plant growth limiting subsurface layers, where proximity of this limiting of
layers to the surface decreased soil productivity and increased erosion potential. The
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NRCS quantified this variable according to “depth to limiting layer (cm)” and named
three general groups of soil loss potential based on this depth: (Group 1): limitations are
significant or there are permanent layers of root limitation (nonrenewable); (Group 2):
limitations for roots are moderate, or there is a less than permanent loss to productivity
(renewable); and (Group 3): limitations can be overcome through natural or managed
processes, and the productivity level of the non-eroded soil can be achieved (very
renewable) (Part 618, Subpart B, Exhibits, Section 618.93). The ability of TFACTOR to act
as a quantifiable indicator of soil loss potential made it a viable candidate for statistical
comparison in this study.
4.4.1.8 Erosion Class (EC)
Part 618 of the NSSH defined erosion class (EC) simply as classes of accelerated
erosion. It described how determination of EC is important in assessing the health of the
soil by classifying erosion potential based on soil removal from natural landscapes. As
such, the in its soil survey manual, the NRCS defined four accelerated erosion classes as
follows:
Class 1: Soils that have lost some, but on the average less than 25 percent, of the
original A and/or E horizons or of the uppermost 20 cm if the original A and/or E
horizons were less than 20 cm thick. Throughout most of the area, the thickness of
the surface layer is within the normal range of variability of the uneroded soil.
Scattered small areas amounting to less than 20 percent of the area may be
modified appreciably.
Class 2: Soils that have lost, on the average, 25 to 75 percent of the original A
and/or E horizons or of the uppermost 20 cm if the original A and/or E horizons
were less than 20 cm thick. Throughout most cultivated areas of class 2 erosion,
the surface layer consists of a mixture of the original A and/or E horizons and
material from below. Some areas may have intricate patterns, ranging from
uneroded small areas to severely eroded small areas. Where the original A and/or
E horizons were very thick, little or no mixing of underlying material may have
taken place.
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Class 3: Soils that have lost, on the average, 75 percent or more of the original A
and/or E horizons or of the uppermost 20 cm if the original A and/or E horizons
were less than 20 cm thick. In most areas of class 3 erosion, material below the
original A and/or E horizons is exposed at the surface in cultivated areas; the plow
layer consists entirely or largely of this material. Even where the original A and/or
E horizons were very thick, at least some mixing with underlying material
generally took place.
Class 4: Soils that have lost all of the original A and/or E horizons or the
uppermost 20 cm if the original A and/or E horizons were less than 20 cm thick.
In addition, Class 4 includes some or all of the deeper horizons throughout most
of the area. The original soil can be identified only in small areas. Some areas
may be smooth, but most have an intricate pattern of gullies.
The ability of this parameter to incorporate various aspects of the soil horizon to erosion
potential appropriated its statistical comparison in this study.
4.4.2 Soil Chemical Properties

When describing soils from a chemical point of view, Sposito (1989) refers to
them as open, multicomponent, biogeochemical systems containing solids, liquids and
gases. He goes on to discuss that by being an open system soils exchange matter and
energy with the surrounding atmosphere, biosphere and atmosphere. Sposito (1989)
credits these fluxes of matter and energy that vary in space and time with not only the
development of soil profiles but also determining fertility patterns. Evangelou (1998)
goes further to explain that soil is constructed of three major mineral groups whose
surficial electrochemical properties control the adsorption, transformation and release of
nutrients and contaminants to the soil solution.
The first of this group, aluminosilicates (also known as phyllosilicates) he
describes as inorganic crystalline structures comprising a majority of the (< 0.2 mm) soilsized particles in the soil column. They are commonly referred to as clay minerals and are
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constructed from Si-O tetrahedrons as well as Al-O octahedrons (Evangelou, 1998). The
former is comprised of a single silicone atom (Si4+) centered amongst four oxygen atoms,
while the later is a single aluminum atom (Al3+) surrounded by six oxygen atoms (-O2-)
and are referred to as coordinating cations (Evangelou, 1998). Evangelou (1998) also
notes that the substitution of divalent cations such as (Fe2+) and (Mg2+) is common. He
went on to discuss the particular case of a coordinating cation being replaced by one of a
lower valence, and how these situations result in a permanent negative charge on the
mineral (e.g., cation exchange capacity (CEC)).
According to Evangelou (1998) the second mineral group present in soils is
metal-oxides. He attributes the large quantities of iron and manganese and their
subsequent oxidation with providing a bulk of the metal-oxides present in a soil. He
explains that iron commonly occurs as its Fe2+ or (Fe3+) oxidized state and manganese in
the Mg2+, Mg3+ and Mg4+ oxidized states. Soil metallic oxides fall under

general

categories; (1) free oxides; (2) clay mineral coatings; and clay edges and exhibit charge
due to the protonation / deprotonation of its O molecules with coordinated metals (e.g.,
Fe3+, Mn3+ , Al3+ and Si4+) ( Evangelou, 1998). Evangelou (1998) calls this charge the
variable or pH-dependent charge and noted that it ranges from ((1 mmol/100g soil)
(meq/100g) – 30 meq/100g)) and can be either positive or negative based on pH.
The last of the three mineral groups present in soils as described by Evangelou
(1998) is SOM and SOM’s interaction with humic substances and various
aluminosilicates and metallic oxides in the soil. Evangelou (1998) thought it best to
explain the interaction of heavy metal, clay and humic substances in the context of ion
exchange, surface adsorption or chelation reactions. He discusses the importance of
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functional groups such as carboxyl (COOH), hydroxyl (OH) and carbonyl (C=O) in
facilitating the formation of complexes between aluminosilicates and metal oxides. In
addition, Evangelou (1998) describes how the retention of metallic-oxides (i.e., heavy
metals) by the soil colloid (aluminosilicates and SOM) is a function of pH, clay type as
well types of functional groups and cation availability. He states in general that as pH
increases so does the adsorption of metal ions by the surfaces of clay, humics or clayhumic complexes. Evangelou (1998) goes on to list types of interactions that determine
the solubility of metals as function of pH:

1. Protons (H+) compete with cations for organic binding sites.
2. Hydroxyl ion (OH-) competes with humics for cationic metal-ions.
3. Soft and hard metals compete for organic functional.

Evangelou (1998) suggests these reactions between metallic ions and charges
surfaces of clays and organics involve either relatively weak outer-sphere or stronger
inner-sphere complexes (e.g., chelation). The former where cations are freely exchanged
with other outer-sphere complex forming cations, the later referring to the building of
complexes between unhydrated cations and charged surfaces directly (Evangelou, 1998).
Finally, Evangelou (1998) states the formation of such complexes can be either; (1)
permanent, due to isomorphous substitution; or (2) variable, by way of the dissociation of
mineral-edge hydroxyls. Considering the various phases of soil (e.g., soil atmosphere,
soil matrix and soil water solution), its multiple reactive mineral components (e.g.,
aluminosilicates, metalic ions, and SOM) as well as the variability of reactions amongst
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its various constituents (i.e., dependence of pH and cation availability), Evangelou (1998)
posited that soils are a mixture of both variable (e.g., constant surface potential) and
constantly (variable surface potential) charged minerals. Evangelou (1998) also notes that
soils composed of variably charged minerals have cation exchange capacities (CEC)
(which will be defined below) that are dependent upon pH, and soil salt concentration.
The importance of each of these chemical in characterizing soil conditions will be
addressed below.
4.4.2.1 Soil Cation Exchange Capacity (CEC)
The NSSH defines cation exchange capacity (CEC) in general terms as “the
amount of exchangeable cations that a soil can observe at pH 7.0”. Gobat et al. (2004)
took it further and noted that not all exchange complexes have the same capacity to retain
ions due to variability in clay minerals and biopolymers from which they are formed.
Hillel (1998) agrees but takes it a step further when he discusses that CEC is a function of
not only clay type but also clay content and brought attention to the influence of CEC in
determining the fate of ions in the soil. He continues and notes the affects this
phenomenon has on plant nutrient cycling as well as pollutant transport. Given its
influence on such processes Brady (2008) suggests that CEC is highly influential in
characterizing the fertility and environmental behavior of soils. Gobat et al. (2004) agreed
but went to mention the importance of this characteristic in assessing overall soil
development. Brady (2008) explains that the CEC of a given soil is determined by the
amount of colloids present in a soil as well as the CEC of each of these colloids. For
example he discusses how sandy soils which are low in colloidal material have lower
CECs than silt or clay loams. In addition, Brady (2008) points out that soils with high

39

humic contents will also have higher CECs than say, inorganic clay. Therefore, the
apparent prominence of CEC in the vital soil processes mentioned above, make it prime
candidate for inclusion in any analysis attempting characterize soil conditions for a
particular landscape.
4.4.2.2 Soil pH
Spositio (1998) defines soil pH as a negative common logarithm used for the
quantitative expression of soil acidity. Large values of pH favor the existence of proton
poor species (i.e., bases), while lower values are indicative of proton rich acids (Spositio,
1989). Either case is evident of a surplus of ions be they positively or negatively charged
(e.g., cations and anions, respectively). This may be why Brady (2008) states that CEC
always increases with pH, however Pierzynski (2000) takes it further and discusses the
role of isomorphic substitution (e.g., the substitution of higher charge cations with those
of lower, thus creating a permanent charge) in this process. Pierzynski (2000) also
describes how surface charges on these clay minerals, OM and metal oxides are formed
by hydrolysis reactions. During these reactions, ions (usually Al3+) on mineral surfaces
hydrolyze to produce H+, which in turn attack mineral surfaces (usually clay) to produce
even more acidity (Evangelou, 1998). Additionally, Pierzynski, (2000) noted that under
acid conditions, some soil minerals will have positively charge anion exchange sites and
thus are subject to the attraction of oppositely charged organics and inorganics alike.
Furthermore, he discusses soil pH mediated absorption, adsorption, or a combination of
the two processes, increase the leaching and transport of pollutants. Soil acidity is
commonly neutralized by bases such as Calcium Carbonate (CaCO3) and Magnesium
Carbonate (Mg(CO3)2. Finally, Evangelou (1998) describes the positive relationship that
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exists between soil pH and % base saturation. pH is used as an indicator or contaminant
transport, soil constituents (i.e., cations, anions, Al2+, CaCO3, and Mg(CO3)2, to name a
few) as well as % base saturation (Evangelou, 1998, Pierzynski, 2000 & Spositio, 1989)
and is thus party to many important processes occurring in the soil column. As such, soil
pH may provide pertinent information as it pertains to assessing soils conditions in a
given area.
4.4.2.2 Sodium Adsorption Ratio (SAR)
Hillel (1998) discusses how soil solutes can have a significant influence on soil
hydraulic conductivity. He credits imbibition processes with interplatelet swelling and a
tendency to relieve osmotic pressure between the ionically charged clay platlete domains
and more dilute ambient solutions (i.e., central distance from each platlete).Hillel (1998)
goes on to describe how these forces push these particle apart, thus weakening
interparticle bonds. Hillel (1998) notes that the combination of these forces and
mechanical disturbances has the potential to modify soil geometry and thus decrease soil
permeability.
Shainberg and Lety, (1984) names the loss of permeability due to salt
concentration and exchangeable sodium percentage as a major concern in irrigated
agriculture. Hillel (1998) contributes that these conditions are also problematic in the
operation of municipal, industrial and residential waste disposal systems (e.g., septic
leach fields). Additionally, Seilsepour, Rashidi amd Khabbaz (2009) explain that salt
accumulation in the root zone can hinder plant root uptake, and consequently inhibit plant
growth. This reduction in vegetation would likely lead to reductions in overall soil OM
and thus compromise soil structure in that manner. Therefore, a factor that summarizes
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sodium concentrations within the soil matrix maybe useful in characterizing: infiltration
conditions (i.e., loss of pore space); runoff conditions (i.e., reduction in time to soil
saturation); and OM concentrations (i.e., potential for plant growth). As such, Seilsepour,
Rashidi amd Khabbaz (2009) identify soil Sodium Adsorption Ratio (SAR), as a
scientifically viable index of soil salinity.
The section 618.54 of the NRCS’s NSSH, (2001) defines SAR as “a measure of
the amount of sodium (Na) relative to calcium (Ca) and magnesium (Mg) in the water
extract from saturated soil paste. It is the ratio of the Na concentration divided by the
square root of one-half of the Ca + Mg concentration.” The calculation of SAR can be
performed using equation (4.1):

Eq. (4.1)

SAR = Na / [(Ca + Mg)/2]0.5

The NSSH (2001) considers soils with SAR values > 13 as being subjected to: increased
OM and clay particle dispersion; reduction in saturated hydraulic conductivity and
aeration; as well as overall soil structure degradation. For a complete description of
methods used to determine SAR, the reader is referred to Soil Survey Investigations
Report No. 42, Soil Survey Laboratory Methods Manual, Version 4.0, November 2004,
USDA, NRCS.
4.5 LULC

Jensen, (2007) defines LU simply as land being used by human beings. Likewise,
in basic terms he describes LC as biophysical materials found on the land. Lillesand and
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Keifer, (1994) go further and explain that LU relates to human activity or economic
function associated with a particular land parcel. They add that LC is indicative of the
type of feature located on the earth’s surface (i.e., crop fields, lakes, forest, impervious
surfaces, etc.). When discussing the application of remote sensing techniques in
classifying various LULC regimes (the basis for which will be discussed below)
Lillesand and Keifer, (1994) use the following example to describe the interrelation of the
two. Depending of the level of detail one wishes to achieve, the LU classifications
present for LU across a landscape may include urban, residential or single-family
dwellings. It is important to note however, that there are various LC types contained
within these classes and as such LC classification for these same land parcels may be
include types such as roofs, pavement, grass and trees. Jensen, (2007) as well as Lillesand
and Keifer, (1994) both explain various LULC types will influence land management
practices from not only the socioeconomic (i.e., zoning selection, population estimates,
municipal services, tax assessment, etc.) but also the hydrogeologic standpoint (i.e.,
rainfall-runoff relationships, soil erosion and sediment deposition). In the context of this
study, addressing the later of these two land management concerns is of particular
interest, especially as it pertains to influence of terrestrial soil erosion characteristics and
their effect on immediate aquatic environments (e.g., the degradation of water quality via
sediment deposition). Accordingly, the following section will discuss some water quality
concerns associated with some generalized but very prominent LULC types.
4.5.1 Affects of LULC change on Hydrology, Contaminant Transport and Aquatic
Environments

Anthropogenic activities alter the spatial organization of the landscape and can
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affect many of the biological, chemical and physical processes vital to the terrestrial
(source)/aquatic (sink) association present in a given watershed. The residential,
commercial and highway construction that accompany urbanization have been identified
as conditions that may contribute to sediment yield potential (Pepper et al., 1994).In
addition, the impervious surfaces created by such development can lead to increased
runoff rates, potentially destabilizing stream and road banks. Degradation of these manmade and natural structures may contribute sediment to in-stream environments.
Furthermore, rainfall and runoff events have the ability to transport surficial contaminants
such as; pesticides, fertilizers and other chemicals as well as any particulate matter
present in a given area. Any and all of these pollutants, could make their way to the
aquatic environments of a particular watershed via various dispersed pathways.
Agricultural lands and their adjacent waterways are also highly influenced by soil
erosion processes. Areas receiving rainfall adequate for crop production are inherently
subject to soil erosion (Pepper et al., 1994). This is because at one point or another
rainfall rates will exceed infiltration rates or soils in the area will exceed their field
capacity. Either case could ultimately result in some degree of surface runoff as well as
the soil erosion accompanying such events (Hillel, 1998). As runoff velocities increase so
too, does the likely hood of particle detachment and sedimentation (Scott, 2000). This is
of particular concern in agricultural areas due to the prevalence pesticides, herbicides and
fertilizers. These chemicals are vital to maintaining the productivity of crop lands but
adversely affect water quality should they be introduced to such environments. The term
agricultural is broad by definition and thus contaminant sources in lands designated as
such are not confined to crop production (Pepper, 1994). Pastures and feedlots required to
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maintain livestock also pose a significant threat to their immediate aquatic environments.
Grazing practices reduce vegetation cover and compact the effected soils, both of which
have been known to increase runoff and erosion rates (Pepper et al., 1994). The former
compromises the stability of soil aggregates by decreasing the amount of root structures
and organic matter present, while the latter causes a reduction in permeability and thus
infiltration rates (Pepper et al., 1994). The combination of aggregate subversion and the
higher runoff velocities typical of less pervious soils, make such landuse prone to not
only soil erosion, but also the transport of sediment-bourne contaminants. These sites
have often been identified as significant non-point pollution sources that adversely affect
both surface and ground water supplies (Wang & Cui, 2005).
When assessing the impacts of anthropogenic activities on long-term hydrologic
processes at the local, regional and global scale, Bhaduri et al., (2000) credits LULC
change with being the most significant. More specifically, the conversion of land for
agricultural, mining, industrial or residential development etc. modifies not only the
pathways but also the rates of water flow (Bhaduri et al., 2000). It is well established that
runoff conditions are often the determining factors with regard to in-stream water quality
in a given drainage area. This fact becomes more apparent when the terrain of a
catchment is considered in terms of its role as a reservoir, sink and source of organic and
inorganic materials (Pielke et al., 2002). Allan et al., (1997) agrees and suggests the joint
management of land and water resources at the catchment scale is necessary for the
assurance of river “health”. Allan et al., (1997) posits the most effective way to
accomplish this is to define catchments as a singular topographical and hydrological unit.
Ward, (1998) refers to this interaction between catchment terrain and aquatic
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environments collectively as the riverine landscape. He goes on to explain his preference
for this term lies in its implication of a holistic geomorphic perspective of the countless
biotopes and environmental gradients that comprise any fluvial system. When
undisturbed, these natural regimes promote hydro-geologic connectivity and biodiversity,
thus preserving the quality of surface and groundwater within these landscapes (Ward,
1998). In contrast, Ward (1998) explains how anthropogenic activities threaten
biodiversity and connectivity by amongst other things: severing interactive pathways,
eliminating upstream and downstream linkages and isolating river channels from flood
plain systems and ground water aquifers. Any and all of which would constitute a
disruption of the hydrologic regime of a surface water body.
Allan et al., agrees with this assessment but suggests these impacts are not
uniform across catchments of differing scales. For example, Frissel et al., (1986) and
Hawkins et al. (1993) describe a hierarchical system in which microhabitats such as
gravel, wood or detritus are contained in larger habitats units such as pools and riffles,
which in turn comprise a stream reach. Whereby a reach is contained within a stream
segment, which is part of a tributary, then a river basin comprised of many tributaries
(Allan et al., 1997). Allan et al., (1997) posit the hierarchy is significant because of the
nature of inputs to surface water systems is likely to vary according to scale. They go on
to explain that OM inputs to streams are likely under local control, while other processes
such as sediment delivery are influenced by water delivery over some larger area. Allan
et al., (1997) concludes that a more complete picture of these issues must be attained in
order to determine the spatial scale of changes across the landscape that may pose a threat
to immediate in-stream water quality.
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Many of these contaminants are derived from the metabolic activity of the
animals present in these areas. Nitrate-nitrogen (NO3-N), Phosphate-phosphorus (PO43- P) and fecal coliform bacteria are either derived from, or present in, animal excrement
(Pepper et al., 1994). Nitrate and phosphate are known agents of eutrophication and in
elevated quantities can damage aquatic ecosystems. In addition fecal coliform is known
to affect not only the health of the general public, but also that of fish and wildlife in
affected areas (Pepper et al., 1994). A significant threat is posed not only by these
metabolic by-products but also by the pesticides used to guard these animals from insect
infestation. The above mentioned processes and conditions are pertinent to this study as
they suggest a link between terrestrial conditions (in this case LULC) and in-stream water
quality. In addition, although numerous substances and compounds have been mentioned
thus far to provide background information, of particular interest for this research is the
relationship between LULC conditions and terrestrial sources of DOC and the deposition
to in-stream environments via soil erosion and deposition processes.
Chen et al., (2007) & Coble et al., (2007) concluded that the amounts and makeup of coastally deposited DOC varied amongst watersheds of differing LULC allocations.
More specifically, agriculturally dominated watersheds have higher coastal DOC
concentrations than those subjugated to a larger proportion of urban development. They
accomplish this utilizing remote sensing technique to quantify the optically sensitive
portion of DOM in these regions. Needless to say that work done by Chen el al., (2007)
and Coble et al (2007) indicates link between terrestrial source and aquatic sink of
various water quality parameters which this research sought to examine.
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4.6 MODEL BASED ANALYSIS
Model based analysis in this study consisted of integrating the Revised Universal
Soils Loss Equation (RUSLE) in GIS. A complete description of this model as well as its
capabilities of this model are fully outlined in chapter 2 (Methods) section (1.2.1).
4.7

FLOWPATH BASED ANALYSIS
Ruhe (1956) established landscape position as an important factor in the

determination of soil properties. Pachepsky et al., (2001) identified hillslope and
topographic characteristics as the two prominent indicators of the relationship between
soil properties and landscape position. While quantifying rates and patterns of soil
erosion on complex slopes, Rieke-Zapp and Nearing (2005) stressed the impact of slope
shape on runoff production, rill patterns and sediment yields. Additionally, Prosser et al.,
(2001) noted the importance of shifting focus from on-site productivity to the
downstream influence of erosion and sediment yield when studying in-stream water
quality in a given drainage area. Brooks et al., (2003) seemed to agree and credited
topography with being a passive force in the erosion process.
When quantifying runoff sources and sinks, Mayor et al., (2009) credited landscape
effects with exerting important control on surface hydrology by way of topographic
conditions and connectivity. Western (1999) agreed and emphasized the significance of
spatial organization in landscape formation. Pennock (2003) went further and identified
three increasing levels of organization responsible for the characteristics of these
landscapes: (1) continuity (e.g., organization that can quantified statistically); (2)
connectivity (e.g., connectivity of landscape positions via discrete flowpaths); and (3)
convergence (e.g., the complex branching of flow lines). In addition, when deriving
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terrain attributes, Pennock (2003) lauded the use of DEM data and referred to three
commonly used groups of attributes: (1) morphological; (2) positional; and (3)
compound. This analysis focused solely on the morphological attributes which consisted
of the following: slope; aspect; as well as profile and landform curvature (Pennock,
2003). The role of each as it pertains to the topographical redistribution of soils within the
landscape, are expanded upon in the remainder of this section.
Pennock (2003) defined slope as the rate of inclination or gradient measured in
percentage or degrees. In the context of this study slope was represented in terms of
percent slope. The NSSH defined this gradient as a difference in elevation between two
points expressed as a percentage of the distance between them. Additionally, the NSSH
provided the explanation of a 1 meter difference in elevation for a horizontal distance of
100 meters would result in a slope of 1%. The significance of this topographic attribute
they credited to its influence on: water retention and movement; as well as soil slippage
and erosion acceleration. Pennock (2003) suggested discharge (e.g., depth of flow) and
slope gradient were the dominant controls governing soil redistribution by way of
hydraulic erosion processes. Moore and Burch (1986) supported this notion by discussing
the down slope tendency, for flow depth (and consequently soil particle detachment and
transport) to increase. Therefore, when investigating terrestrial contributions to surface
waters in a drainage area, slope is the first of two morphometric (i.e., structural)
components of topography that must me given consideration, the other, aspect will be
discussed below.
Pennock (2003) referred to aspect as the compass direction that a slope is facing
measured (in the case of this study) clockwise from true north as an angle ranging
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between 0º and 360º. The NSSH implicated aspect in soil temperature, evapotranspiration
and winds received. All of which are determining factors as it pertains to surface cover
(i.e., vegetation) conditions and therefore, infiltration and erosion processes. While
numerous studies have identified structural topographic indicators such as slope and
aspect to be highly influential we regards to erosion and depositional processes (Liu and
Singh, (2004); Pachepsky et al., (2001); and Rieke-Zapp et al., (2005) to name a few)
topographic characteristics affecting landform shape (e.g., profile and planform
curvature) must also be considered.
Gregorich et al., (1998) concluded that the dominant direction of water flow and
thus sediment in a drainage basin is dependent upon not only the slope but also the
curvature of the land surface. Rieke-Zapp and Nearing (2005) agreed and suggested slope
shapes can be characterized by their horizontal (cross-slope) and longitudinal (down
slope) curvature. Gregorich et al., (1998) described the tendency of both surface and
subsurface flow to migrate from the convex portions of slopes to the concave areas of the
landscape. In addition, they noted that these flow patterns are present both down and
across slope. When utilizing the Cs137 redistribution technique to study the effects of
water erosion and tillage at the landscape scale, Pennock (2003) described soil
translocation in reference to whether a point on the terrain lost or gained soils as the slope
gradient changed. This down slope or profile curvature was considered a representation
of maximum slope by Pachepsky et al., (2001). Additionally, they used photogrammetric
data to derive DEMs where negative values (degree m-1) coincided with convex
flowpaths (e.g., areas where surface flow accelerated), while positive values (degree m-1)
were indicative of concave flowpaths (e.g., areas where surface flow decelerated).
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Furthermore, both Pennock (2003) and Pachepsky (2001) also identified an across-slope
or tangential element of surface flow, referred to widely as planform curvature.
Pachepsky (2001) again utilized derived DEMs to designate negative values (degree m-1)
of tangential curvature representing areas of divergent and positive values (degree m-1)
indicated areas of convergent flow.
Moore and Burch (1986) stated convergent flows are highly influential with respect
to soil erosion processes due to the development of rills and gullies. In addition, Pennock
(2003) associated convexities with soil loss and concavities with soil gain. Furthermore,
while Rieke-Zapp and Nearing (2005) credited watershed scale soil erosions models with
being good predictors of sediment yields at the outlet of a particular basin, they cited the
need for the inclusion of microtopography in order to delineate source areas across the
landscape. As such, this analysis sought to spatially compare the Group A and B
watersheds based on: slope; aspect; as well as profile and planform curvature.
4.8

OVERALL THESIS STRUCTURE
Figure 1 displays the four major groups of analyses (i.e., Soil, Model, Flowpath

and LULC based) performed within the boundaries of the four study watersheds. The
first of which (i.e., soil based), was a two fold process whereby, spatial (i.e., Raster
layers) and traditional statistical data sets (i.e., Derived from vector point shapefiles)
representing a combination of soil physical and chemical and biological properties were
subjected to both spatial and statistical scrutiny.
The model based analyses that followed utilized raster datasets in both the
Revised Universal Soils Loss Equation (RUSLE) and the Soil Water Assessment Tool
(SWAT). Inputs to the RUSLE model (R, K, LS, C and P factors) as well as the final
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output (i.e., A: total RUSLE) for each watershed were summarized spatially according
to the aerial composition if each watershed. Additionally, Hydrologic Response Unit
(HRU) variables were created using SWAT and were compared statistically using
methods similar to those employed during the soil based analysis.
During the flowpath based analysis Digital Elevation Model (DEM) raster sets
were then used to determine the spatial distribution of both profile (i.e., direction of
maximum flow) and planform (i.e., convergence and divergence of flow) curvature in
each of the study areas. This information was used to determine the area of each
watershed designated as contributing or depositional, as it pertains to sedimentation
processes.
The final analysis performed in this study (i.e., LULC based) employed Florida
Landuse Landcover Classification System (FLUCCS) rasters to examine the spatial and
temporal distribution of LULC conditions in each of the watersheds for the years 1999,
2004 and 2007. Additionally, LULC distributions for these years were compared
graphically to water quality parameter (i.e., AP and TSS) values for the same temporal
periods. Finally, LULC coverages were also graphically compared to: total monthly
rainfall; average monthly rainfall; and total monthly discharge values present in the each
of the study areas. This was done using temporal constraints consistent with the previous
steps for this analysis.
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CHAPTER II
1.0 Methodology
1.1 Soil Based Analysis

Soil based analysis for this study encorporated GIS and: tabular; point vector
shapefiles; and spatially interpolated raster datasets furnished by the NRCS. The later of
which were used in the spatial examination of dominate soil physical (i.e., OM, CaCO3,
Ksat, drainage class and runoff class) and chemical (i.e., pH, SAR and CEC) properties.
Additionally, tabular statistical data sets representing soil physical (i.e., OM, CaCO3, Ksat,
T factor and erosion class) and chemical (i.e., pH, SAR and CEC) properties were
derived from GIS point vector shapefiles. Figure 3 provides a conceptual model for the
soil based analysis performed in this study.

Figure 3. Soil Based Analysis.
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1.1.1 Spatial Analysis

The SSURGO database was used to derive raster datasets capable of quanitifying
the spatial distribution of soil physical and chemical properties within the study areas.
These distributions were represented in terms of total area (km2) and percentage of total
area accounting for a particular property value for each watershed. Physical properties
investigated include: organic matter content (OM); calcium carbonate content (CaCO3);
saturated hydraulic conductivity (Ksat); as well as both drainage and runoff classes.
Additionally, chemical properties including: pH; sodium adsorption ratio (SAR) and
cation exchange capacity (CEC) were investigated in the same manner.
1.1.1.1 Data Sources

SSURGO vector polygon shapefiles were downloaded on a county-wide basis
from the NRCS Soil Data Mart (http://soildatamart.nrcs.usda.gov/). USGS Hydrologic
Unit Code (HUC) watershed boundaries were downloaded courtesy of Florida
Geographic Data Library (FGDL) (http://www.fgdl.org/metadataexplorer/explorer.jsp).
Table 1 shows data sources used for soil spatial analysis in this study.

Table 1. Data Sources Used in Soil Spatial Analysis.
Data Sources Used in Soil Spatial Analysis
Primary Data Secondary Data Source Resolution (m)
SSURGO
Soil Physical NRCS
30
SSURGO
Soil Chemical NRCS
30
Fl. HUC Basins Watershed Bnd. USGS
Vector
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1.1.1.2 Data Development

County-wide SSURGO polygon soils data was merged in ArcGIS 9.2 and
subsequently clipped using the HUC boundary for each of the watersheds. Additionally,
tabular data from SSURGO containing the desired soil properties for this study were
spatially referenced using multiple relational joins with soil map units being the common
field. (Note: Readers interested in the full procedure for downloading and developing
datasets from the soil data mart are referred to the soil data mart website as well as
Merwade, (2010). The resultant vector shapefiles were then converted to 30m resolution
raster layers using the nearest neighbor interpolation technique. It was these rasters that
were used to calculate the spatial distribution of each soil physical and chemical property
within each study watershed.
1.1.2 Statistical Analysis

Statistical datasets were derived from SSURGO point vector shapefiles and
included the following soil physical (i.e., OM, CaCO3, Ksat, T factor and erosion class)
and chemical (i.e., pH, SAR and CEC) properties. Initial statistical tests established nonGaussian distributions in each of the data sets. This stipulation excluded the possibility of
utilizing parametric statistical approaches and to analyze differences amongst the study
groups. Additionally, soil data sets in this study were constructed of differing sample
sizes. These conditions necessitated the use two nonparametric tests in order to compare
sample means both with and amongst groups A and B.
The first of which, the Kruskal-Wallis test uses sum ranks to determine whether
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three or more independent samples are selected from populations having the same
distribution (Larson & Farber, 2006). Unfortunately this test is only capable of
establishing if populations differ. In the context of this study, it was important to
determine not only if the data sets (i.e., particular soil property in each of the study
watersheds) differed, but also how values for each soil property compared both amongst
and within each of the study groups. To complete this task, rank sum results from initial
Kruskal-Wallis tests were utilized in a multiple comparison test using sum ranks as
outlined by Dunn, (1964).
1.1.2.1 Data Sources

SSURGO vector point shapefiles were downloaded on a county-wide basis from
the NRCS Soil Data Mart (http://soildatamart.nrcs.usda.gov/). SSURGO vector polygon
shapefiles were downloaded on a county-wide basis from the NRCS Soil Data Mart
(http://soildatamart.nrcs.usda.gov/). USGS Hydrologic Unit Code (HUC) watershed
boundaries were downloaded courtesy of Florida Geographic Data Library (FGDL)
(http://www.fgdl.org/metadataexplorer/explorer.jsp). Table 2 shows data used in soil
statistical analysis.

Table 2. Data Sources Used in Soil Statistical Analysis.
Data Sources Used in Soil Statistical Analysis
Primary Data Secondary Data Source Resolution (m)
SSURGO
Soil Physical NRCS
Vector
SSURGO
Soil Chemical NRCS
Vector
Fl. HUC Basins Watershed Bnd. USGS
Vector
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1.1.2.2 Data Development

County-wide SSURGO point soils data was merged in ArcGIS 9.2 and
subsequently clipped using the HUC boundary for each of the watersheds. Additionally,
the appropriate SSURGO tabular data was relationally joined to each of the newly
created sample sets. The data for the soil properties of interest was then exported in text
format in order to facilitate its use in the SAS 9.2 statistical program. SAS was used to
perform a Kruskal-Wallis one way analysis of variance by rank in order to obtain the sum
rank of medians for each of the soil properties. Finally, the sum ranks were used to
conduct the Multiple Non-Parametric Comparison tests, with the intent of examining the
similarities and differences amongst the study watersheds as it pertained to the specified
soil properties.
1.2 MODEL BASED ANALYSIS

Model based analysis in this study consisted of incorporating: the Revised
Universal

Soils

Loss

Equation

(RUSLE);

climate;

soils;

topographical

and

landuse/landcover (LULC) data in a GIS. The resultant soil erosion potential maps were
spatially compared amongst Group A and B watersheds.

1.2.1 Revised Universal Soils Loss Equation (RUSLE)

RUSLE is a model developed by the United States Army Corps of Engineers
(USACE) that has been proven to predict annual soil loss potential. When integrated in a
Geographic Information System (GIS), RUSLE offers a means for evaluating soil
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transport and sedimentation at a regional scale (Breiby, 2006). In addition, its ability to
predict soil erosion on a cell-by-cell basis supports the identification of spatial patterns
for a large area (Breiby, 2006).RUSLE (Eq. 1) uses the following equation to determine
average annual from cover slopes:

A = R*K*LS*C*P

(Eq. 1)

The objective of RUSLE computations is to compute the average annual soil loss,
A (kg ha -1yr -1). Rainfall is a catalyst for soil erosion and is accounted for in this model
by using the rainfall-runoff erosivity factor, R (kg ha

-1

yr -1). Also critical to a physical

soil erosion model such as this is the inclusion of some variable to represent soil
detachment potential. To signify this process, RUSLE uses the soil erodability factor, K
(unitless). In addition, the model must compensate for the influence of slope on erosion
and does so by implementing the slope length factor, LS (m). Furthermore, landuse
practice also plays a major role in soil transport processes and are embodied in the cover
management factor; C (unitless). Finally, the influence of agricultural processes on the
detachment, transport and subsequent sedimentation of soils is accounted for using P
factor (unitless), which distinguishes between cropland, rangeland and permanent
pasture. Figure 4 provides a schematic of the integration of RUSLE in GIS.
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Figure 4. Schematic of the integration of RUSLE in GIS.
1.2.1.1 Data Sources

Soils data necessary for this study was obtained from the States Geographic
Database (STATSGO). In addition, topography information was derived from United
States Geological Survey (USGS) 30m Digital Elevation Model (DEM) data. Southwest
Florida Water Management District (SWFWMD) provided the basis for 2007 landuse
coverage data. Finally, Hydrologic Unit Code (HUC) basins were obtained from the
Florida Geographic Data Library (FGDL) (Table 3).

59

Table 3. Data Sources Used in RUSLE Analysis.

Data Sources Used in RUSLE Analysis
Primary Data
Secondary Data
Source Resolution (m)
2007 Florida LULC
C Factor
SWFWMD
30
2008 Florida LULC
P Factor
SWFWMD
30
STATSGO
K Factor
NRCS
30
DEM
LS Factor
NRCS
30
PRISM
R Factor
NRCS
30
Fl. HUC Basins Watershed Bnd.
FGDL
Vector

1.2.1.2 Data Development
Figure 5 provides a schematic of primary and secondary data sets included in
RUSLE analysis. The following sections explain how individual RUSLE layers were
developed.

Figure 5. Schematic of primary and secondary data sets included in RUSLE analysis.
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1.2.1.2.1 Rainfall-Runoff Erosivity Factor (R)
R factor is indicative of two factors for determining the erosivity of rainfall: 1) the
amount of rainfall and 2) sustained peak intensities. This combined R factor was derived
using Parameter-elevation Regressions on Independent Slopes Model (PRISM). Discrete
data (weather stations) and United States Geological Survey (USGS) 30 meter digital
elevation (DEM) data were utilized in this regression model in order to produce
repeaTable estimates of not only the temporal distribution of climatic events but also
their event-based elements. These estimates were integrated into GIS by interpolating
their values to a raster grid at 30m resolution.
1.2.1.2.2 Soil Erodability Factor (K)
K factor was derived from data provided by the States Soil Geographic Data Base
(STATSGO). Data originated from the “layer” Table and was extracted using Standard
Query Language (SQL). This new K factor map was metricized from the STATSGO unit
mj-1 mm-1 hr using the conversion factor 0.1317 (in ArcGIS Raster Calculator) and
resampled to 30m.
1.2.1.2.3 Slope Length Factor (LS)
LS factor was ultimately created from 30m DEMs. The slope was calculated
using ArcGIS Spatial Analyst and was subsequently used to derive the flow accumulation
map. This map was created using the following ArcGIS Spatial Analyst Raster Calculator
calculation (Eq. 2).

61

(Flow Accumulation (Flow Direction ([DEM])))

Eq. 2

This layer was reclassified according to the following criteria; 0 = 0.5, 0 < x< 5 = initial
value, and 5 = 5.

The United States Army Corps of Engineer LS factor equation was used in the
Raster Calculator tool of ArcGIS (Eq. 3).

(Pow([FlowAccumulation]*Resolution/22.1,0.4)*

Eq. 3

Pow(Sin([Slope]*0.01745)/0.09,1.4)*1.4)

1.2.1.2.4 Coverage Management Factor (C)

C Factor considers the effects of plants, soil coverage, soil biomass, and soil
disturbing activities on erosion. 2007 SWFWMD LULC data was reclassified into Level
1 FLUCCS code values and converted to a 30m resolution raster data set. This layer was
subsequently reclassified according to C factor reclassification values provided by
(Jabber, et al., 2005). In accordance with their study, these reclassification values were as
follows: 0.0001 (Urban Areas & Water bodies), 0.003 (Forest), 0.01 (Bush & Grassland),
0.4 (Crop Lands) and 1.0 (Barren soil, Sand Lands & Sand Dunes).
USDA Agricultural Handbook Section 703 (1997) elaborates on how these and
other C factor values are calculated. Section 703 notes that C factor is based on the
concept of deviation from a known standard (i.e., an area under clean-tilled continuousfallow conditions). This information is ultimately used to determine the soil loss ratio
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(SLR) or the ratio of soil loss under actual conditions to losses experienced under the
reference conditions (USDA Agricultural Handbook Section 703, 1997). For example, a
C factor value of 0.10 signifies that erosion will be reduced by 10% of the amount that
would have occurred under fallow conditions. Therefore, the closer the C factor value for
a particular area is to 1.0, the less likely it is that this area will experience soil loss and
thus, lessens its potential as a location of sediment contribution.
1.2.1.2.5 Support Practice Factor (P)

`

P-factor was derived from 2007 SWFWMD data which was converted to a 30m

raster. A Boolean operation was performed where all forested and agricultural uses where
reclassified as having a value of 1 and all other LULC being 0.Given these constraints,
potential sediment source areas are emphasized. GIS allows for the visual and spatial
comparison of the two groups under such a scenario.
1.3. FLOWPATH BASED ANALYSIS
USGS 30m DEM data was input into ArcGIS 9.2 in order to derive raster data
sets representing percent slope, aspect, profile curvature and planform curvature in each
of the study watersheds. Figure 6 provides a schematic view of: data inputs; intermediate
data sets; final data sets; and GIS operations used to derive cartographic and spatial
coverage results presented in this study.
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Figure 6. Schematics indicating flowpath-based analysis.

The Arc Hydro 9.0 terrain preprocessing tool was used to remove sinks from each
of the DEM rasters. They were then input into ArcGIS’s 3D Analyst in order to create the
percent slope, aspect and curvature rasters. A manual classification scheme was used to
divide percent slope data into the following eight classes: 0 – 6; 7 – 12; 13 – 18; 19 – 24;
25 – 30; 31 – 36; 37 – 42; and 43 – 47. A manual approach was also used to partition
aspect data into (4) main groups signifying the directional face of slopes present in the
study areas: (1) North – East; (2) East – South; (3) South – West; and West – North.
Profile curvature data was reclassified where: negative values signified convex areas of
flow acceleration; zero values represented linear flow; and positive values identified
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concave areas of flow acceleration. In addition, planform curvature was likewise
reclassified according to the following convention: negative values signified concave
areas of divergent flow; zero values represented linear flow; and positive values
identified convex areas of convergent flow. All reclassified data sets were utilized in
aerial calculations aimed at determine the spatial composition of each study watershed
with respect to these new values. Finally, all data sets were input into Arc Scene in order
to create 3D cartographic representations.
1.4 LULC BASED ANALYSIS

1999, 2004 and 2007 SWFWMD LULC data for each of the study watersheds
were reclassified according to FLUCCS level I. These new raster layers were then used to
tabulate the dominant LULC types for each of the watersheds (e.g., percentage of total
watershed area allocated to each level I FLUCCS class). These results were examined in
order to investigate possible LULC changes both within, and amongst the four study
watersheds. This was done at several temporal scales including: study year to study year
(e.g., 1999 vs. 2004, 2004 vs. 2007); as well the inclusion of all study years (e.g., 1999
vs. 2007). The former was employed with the hope of characterizing LULC change from
year to year (i.e., the direction or tendency of LULC change). The addition of the later
was intended to show the magnitude (e.g., total change for the entire period) of any
changes that may or may not have occurred.
Results of spatial analysis procedures described above were also compared to
graphical interpretations of water quality parameters (e.g., TSS and AP) obtained from
the water atlas, in order to examine possible relationships between LULC change and in-
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stream water quality in each of the study areas. It is important to note however, that water
quality gauge data for the three study years were not spatially consistent (i.e., data present
for a particular gauge in 1999 was in many cases not available for 2004 for example) (See
Table 4 and Figures 7 – 10). In fact, due to the extreme localization of sample sites in the
northeast corner of the Peace watershed (Figure 10), additional AP datasets located
further down stream (Near the U.S. Highway 41 bridge) were obtained from the Peace
River/Manasota Region water Supply Authority (PR/MRWSA) were utilized for
validation purposes. However, spatial data for these additional samples sites was not
available, thus there exclusion from Figure 10 & Table 4.

Table 4. Water quality sampling sites with data available in all three study years.
WATERSHED

STATION ID

DATASOURCE

STATION NAME

CODED ID SAMPLE YEARS

ALAFIA
JAMESON
STORET_21FLIMCA
ALAFUA AT JAMESON RD. (LILLY BR.)
11
99, 04 & 07
HILLSBOROUGH
3507
STORET_21FLGW
HILLSBOROUGH RIVER AT FOWLER AVE.
33
99, 04 & 07
MANATEE
TS6
STORET_21FLMANA
BRADEN RIVER
11
99, 04 & 07
MANATEE
LL1
STORET_21FLMANA
BRADEN RIVER AT LINGER LODGE
12
99, 04 & 07
MANATEE
2300032
Manatee_EMD_Hydro
BRADEN RIVER NEAR LORAINE FL.
13
99, 04 & 07
MANATEE
TS4
STORET_21FLMANA
COOPER CREEK
14
99 & 04
MANATEE
BR3
STORET_21FLMANA
BRADEN RIVER NEAR I-75
15
99, 04 & 07
MANATEE
TS3
STORET_21FLMANA
N/A
16
99, 04 & 07
MANATEE
BR2
STORET_21FLMANA
BRADEN RIVER NEAR POWERLINE
17
99, 04 & 07
MANATEE
TS2
STORET_21FLMANA
CEDAR CREEK
19
99, 04 & 07
PEACE
GIBSONWQ
LAKELAND_WQ
LAKE GIBSON
3
99, 04 & 07
PEACE
CRAGOWQ
LAKELAND_WQ
LAKE CRAGO
17
99, 04 & 07
PEACE
PARKERWQ
LAKELAND_WQ
LAKE PARKER
53
99, 04 & 07
PEACE
MIRRORWQ
LAKELAND_WQ
LAKE MIRROR
98
99, 04 & 07
PEACE
BONNYWQ
LAKELAND_WQ
LAKE BONNY
120
99, 04 & 07
PEACE
HOLLINGSWORTHWQ
LAKELAND_WQ
LAKE HOLLINGSWORTH
144
99, 04 & 07
Note: Staion information in this table is as it appears in the original shapefile attribute table. Readers seeking information regarding
stations, data sources or sampling techniques are refered to www.wateratlas.usf.edu
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Figure 7. Water Atlas Sample Sites Used in Water Quality Analysis (Alafia Watershed).

Figure 8. Water Atlas Sample Sites Used in Water Quality Analysis (Hillsborough
Watershed).
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Figure 9. Water Atlas Sample Sites Used in Water Quality Analysis (Manatee
Watershed).

Figure 10. Water Atlas Sample Sites Used in Water Quality Analysis (Peace
Watershed).
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Additionally, based on the likely assumption that TSS and AP values were greatly
influenced by rainfall, the graphical representation of water quality data was presented in
a manner which accounted for both rainy ( May – October) and dry (November – April)
seasons. All of which using the USGS water year (12 month period running from October
1st of year 1 – September 30th of year 2) as the confining factor as it pertains to temporal
scale.
The strength/weakness of these relationships were compared both spatially (e.g.,
within and amongst watersheds), seasonally (e.g., rainy versus dry seasons) and
temporally (e.g., year versus year). It was hoped that such analysis would help
characterize these watersheds according sedimentation conditions (e.g., measured TSS
values) and material flux (e.g., AP). Figure 11 provides a conceptual model of the
relationships addressed in this portion of the overall study.

.
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Figure 11. LULC Based Analysis.
1.4.1 Rainfall, Discharge and Data

The LULC layers described above were also used in analysis that sought to
examine the study watersheds’ response to rainfall. Rainfall and discharge measurements
were obtained for the furthest available upstream and downstream USGS monitoring
gauges (Table 5). In addition, average total monthly rainfall per watershed for each of the
study years was obtained from SWFWMD.
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Table 5. Rainfall and Discharge Gauge Information.

Rainfall (in) and Discharge (cfs) Gauge Information

Group B

Group A

Watershed USGS # Measurement
Alafia
Alafia

02301500
02301500

Hillsborough 02303330
Hillsborough
Manatee
Manatee
Peace
Peace

02304500
02299950
02300095
02294650
02298202

Rainfall
Discharge
Rainfall
Discharge
Rainfall
Discharge
Rainfall
Discharge

Location
Alafia River @ Lithia Fl.
Alafia River @ Lithia Fl.
Hillborough River @ Morris Bridge
Near Thonotosassa Fl.
Hillborough River Near Tampa FL.
Manatee River Near Myakka Head
Manatee River @ Rye Fl.
Peace River @ Bartow Fl.
Shell Creek Near Punta Gorda Fl.

Gauge selection was based on USGS 30m topography information in addition to,
availability of USGS rainfall and discharge data. Figures 12 & 13 show available rainfall
and discharge gauges, as well as exaggerated DEM information highlighting watershed
geomorphology.
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Figure 12. Location of Rainfall and Discharge Sites Used for This Study (Group A).
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Figure 13. Location of Rainfall and Discharge Sites for This Study (Group B).
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It was hoped that graphing total and average monthly rainfall at the highest
available elevation against average monthly discharge at the lowest available elevation
would provide the basis for a pseudo-box-model (e.g., flux in (in)/flux out (cfs)), creating
an visual representation of watershed rainfall response.
1.4.1.1 Data Development
The three data sets developed using daily time-step USGS gauge measurements
were: total monthly rainfall (taken at the furthest available upstream gauge); watershed
average total monthly rainfall (obtained from all available gauges within the watershed,
as measured by SWFWMD); and total monthly discharge (taken at the furthest available
downstream gauge).Total monthly rainfall in this study was obtained by summing daily
rainfall totals at the specified upstream gauge.
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CHAPTER III
1.0 RESULTS AND DISCUSSIONS
1.1 SOIL BASED ANALYSIS
1.1.1 Spatial Analysis of Physical Properties

Spatial analysis results for Group A and B watersheds are represented below in
tabular, cartographic and graphical format for each of the soil physical properties: OM,
CaCO3, KSAT, drainage class, runoff class and HSG, respectively.

1.1.1.1 Organic Matter (OM)
Results for OM distributions analyzed in ArcGIS 9.2 are presented in: Tables 6 &
7 and Figure 14. Soil OM Percentage for all study watersheds ranged from 0.0 – 80.0%.
The drainage basins were also similar in that, greater than 90% of total area for each were
consistent with the two lowest values classes for OM (0.0 – 1.9) and (2.0 – 6.0).
However, the observance of the study areas using only percentages runs the risk
of painting a misleading picture of homogeneity across the landscape. This becomes
more apparent when comparing the percent and total area coverage for the highest OM
value range (60.3 – 80.0), amongst the study areas (Alafia: 1.1%, 11.5km2; Hillsborough:
0.5%, 8.8 km2; Manatee: 0.9%, 8.0 km2 and Peace: 2.3%, 142.4 km2). Percentage-wise
these values may appear inconsequential but examination of total aerial coverage may
provide additional information.
Consider the case of the Peace River Watershed where 2.3% or 142.2 km2 of
interpolated soils data was attributed to this highest OM range. This 142.2 km2 suggests
that within this basin there are numerous areas of organically rich soils. In addition, if
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geomorphic, anthropogenic and climactic conditions are suiTable, the areas have the
potential to act as significant OM sources to affected areas.
Cartographic analysis suggests that the proximity of these high OM soils to
hydrologic features differs between Groups A & B. For example, results from Manatee
watersheds show a majority of these high OM soils lie along the Manatee River.
Similarly, the OM map for Peace watershed shows not only areas of high OM along the
Peace River, but also relatively large areas of OM rich soils in the higher elevation
wetlands and spring areas in the northern portion the drainage basin. In the case of either
watershed, these conditions may be conducive to the introduction of OM to waterways.
This difference in potential OM sources may ultimately help explain some of the spatial
variability of in-stream water quality conditions amongst Group A and B watersheds.

Table 6. Distribution of Organic Matter (OM) % in Group A Watersheds.
Distribution of Organic Matter (OM)
(%) in Group A Watersheds
Alafia
Value Range

%

0.0 - 1.9
68.0
2.0 - 6.0
29.7
6.1 - 30.1
1.1
30.2 - 60.2 0.1
60.3 - 80.0 1.1
Total
100.0

Hillsborough
2

km

%

km2

742.6
324.9
12.2
1.4
11.5
1092.6

43.3
50.3
3.7
2.2
0.5
100.0

757.5
879.8
65.1
37.8
8.8
1749.0
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Table 7. Distribution of Organic Matter (OM) % in Group B Watersheds.
Distribution of Organic Matter (OM)
(%) in Group B Watersheds
Manatee
Value Range

%

0.0 - 1.9
38.2
2.0 - 6.0
53.3
6.1 - 30.1
5.2
30.2 - 60.2 2.4
60.3 - 80.0 0.9
Total
100.0

Peace
2

km

%

km2

356.8 53.2 3225.6
497.7 37.7 2288.4
48.5 4.8 292.2
22.2 1.9 118.2
8.0
2.3 142.4
933.3 100.0 6066.8

Figure 14. Spatial and Graphical Distribution of Soil OM Values in Group A & B.
Watersheds.
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1.1.1.2 Calcium Carbonate (CaCO3)

Results for CaCO3 distributions analyzed in ArcGIS 9.2 are presented in Tables 8
& 9 and Figure 15. The range of soil CaCO3 percentages were not consistent when
compared both within and amongst groups A (Alafia: 0.0 – 60.2; Hillsborough: 0.0 –
80.0) and B (Manatee: 0.0 – 30.1; Peace: 0.0 – 60.2). Additionally, three of the four
watersheds had greater than 97.0% percent of their total areas (Hillsborough: 99.9%;
Manatee: 99.5% and Peace: 97.8%) allocated to the lowest values class (0.0 -2.5) of
CaCO3 percentage. The lone exception Alafia, showed considerable variation amongst
the four lowest value classes (0.0 – 2.5: 45.1%; 2.0 – 6.0: 28.4%; 6.1 – 30.1: 18.2%; and
30.2 – 60.2: 8.3%). However, Peace’s comparative size advantage over all the other
watersheds allowed it to also exhibit some variation with respect to this soil property.
Even though over 97 % of this basin was allocated to the lowest CaCO3, The remaining 2
plus percent allowed for a noticeable area in the northeast corner of the basin to show
considerable variability in CaCO3 values. Additionally, these areas were in close
geographic proximity to those in the Alafia watershed. So while these results were not
able to differentiate groups A and B, they do suggest these areas of variation my merit
further investigation.
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Table 8. Distribution of Calcium Carbonate (CaCO3) (%) in Group A Watersheds.
Distribution of Calcium Carbonate (CaCO3)
(%) in Group A Watersheds
Alafia

Hillsborough
2

Value Range

%

km

%

km2

0.0 - 2.5
2.0 - 6.0
6.1 - 30.1
30.2 - 60.2
60.3 -80.0
Total

45.1
28.4
18.2
8.3
0.0
100.0

492.4
310.7
199.2
90.3
0.0
1092.6

99.9
0.1
0.0
0.0
0.0
100.0

1747.1
1.3
0.0
0.5
0.1
1749.0

Table 9. Distribution of Calcium Carbonate (CaCO3) (%) in Group B Watersheds.
Distribution of Calcium Carbonate (CaCO3)
(%) in Group B Watersheds
Manatee

Peace
2

Value Range

%

km

%

km2

0.0 - 2.5
2.0 - 6.0
6.1 - 30.1
30.2 - 60.2
60.3 -80.0

99.5
0.3
0.2
0.0
0.0

929.0
2.6
1.7
0.0
0.0

97.8
0.0
0.0
2.1
0.0

5933.9
0.0
2.9
129.9
0.0
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Figure 15.Spatial and Graphical Distribution of CaCO3 Values in Group A & B
Watersheds.
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1.1.1.3 Saturated Hydraulic Conductivity (KSAT)

Results for KSAT distributions analyzed in ArcGIS 9.2 are presented in Tables 10
& 11 and Figure 16. KSAT values for all study watersheds ranged from (0.0 – 274.0 µms1

), with at least 66% of total area represented in the second highest value range (78.6 –

92.0 µms-1) for each of the study areas (Alafia: 66.6%, 727.4 km2; Hillsborough: 80.1%,
1400.1 km2; Manatee: 85.4%, 797.3 km2; Peace: 76.4%, 4632.2 km2). In addition, all four
watersheds (Alafia: 16.5%, 179.8 km2; Hillsborough: 9.5%, 166.0 km2; Manatee: 8.3%,
77.1 km2; Peace: 9.6%, 579.7 km2) were heavily represented in the highest KSAT value
range (92.1 – 247.0 µms-1). This means that all study areas had a minimum of 83.0% of
their total areas allocated to the two classes most indicative of lateral movement through
saturated soils. Although these results shed little light on the differences in water quality
between the two groups, they do suggest that saturated flow may be a significant factor in
transport of contaminants in all study watersheds.
Table 10. Distribution of Saturated Hydraulic Conductivity (Ksat) (µms-1) in Group A
Watersheds.
Distribution of Saturated Hydraulic Conductivity (Ksat)
(μms-1) in Group A Watersheds
Alafia

Hillsborough
2

Value Range

%

km

%

km2

0.0 - 23.2
23.3 - 28.1
28.2 - 78.5
78.6 - 92.0
92.1 - 247.0
Total

16.8
0.2
0.0
66.6
16.5
100.0

183.3
1.8
0.3
727.4
179.8
1092.6

3.2
7.0
0.2
80.1
9.5
100.0

56.8
123.1
2.9
1400.1
166.0
1749.0
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Table 11. Distribution of Saturated Hydraulic Conductivity (Ksat) (µms-1) in Group B
Watersheds
Distribution of Saturated Hydraulic Conductivity (Ksat)
(μms-1) in Group B Watersheds
Manatee

Peace
2

Value Range

%

km

%

km2

0.0 - 23.2
23.3 - 28.1
28.2 - 78.5
78.6 - 92.0
92.1 - 247.0
Total

5.5
0.8
0.0
85.4
8.3
100.0

51.4
7.4
0.2
797.3
77.1
933.3

7.6
0.9
5.6
76.4
9.6
100.0

461.6
52.7
340.5
4632.2
579.7
6066.8

82

Figure 16. Spatial and Graphical Distribution of KSAT Values in Group A & B
Watersheds.
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1.1.1.4 Drainage Class

Results for drainage class distributions analyzed in ArcGIS 9.2 are presented in
Tables 12 & 13 and Figure 17. Drainage classes for all study watersheds ranged from
very poorly drained to excessively drained. Overall, each watershed was dominated
spatially by poorly drained soils (Alafia: 34.4%, 375.2 km2; Hillsborough: 42.7%, 746.2
km2; Manatee: 67.4%, 629.3 km2; Peace: 62.1%, 3769.1 km2). In addition, the second
most dominant soil drainage class represented in all four watersheds was very poorly
drained soils (Alafia: 14.6%, 159.5 km2; Hillsborough: 21.0%, 366.8 km2; Manatee:
14.0%, 130.3 km2; Peace: 14.0%, 852.4 km2). These results show that minimum of
48.9% of each watershed in the study groups were comprised of soils considered either
poorly or very poorly drained. Furthermore, it is worth noting that under this scenario,
Group B watersheds (Manatee: 81.4%; Peace: 76.2%) showed an even higher inclination
towards poor drainage conditions than their Group A (Alafia: 48.9; Hillsborough:
63.7%).
Although poor drainage conditions appear to dominate all drainage basins in this
study, it appears based on spatial coverage that these conditions may be more prominent
in within Group B. In addition, these watersheds were also more represented in the very
poorly drained runoff class. The ability of such conditions to facilitate hortonian overland
flow cannot be underestimated and suggest that drainage class in Group B may be an
important factor influencing in-stream water quality in these areas. Furthermore,
cartographic analysis showed that these high runoff potential areas were located in the
low lying coastal plains of both the Group B watersheds. These conditions would
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increase the potential for materials to be transported to waterways in these basins by way
of saturated excess runoff. Therefore, results in this study suggested Group B had greater
transport potential as in pertains to drainage class when compared to Group A. This
difference in transport potential is a point of differentiation amongst the study groups and
may help to explain some of the variability in their coastal environments.
Table 12. Percent and Total Area (km2) of Drainage Class in Group A Watersheds.
Distribution of Drainage Class
in Group A Watersheds
Alafia
Class

%

Very poorly drained
Poorly drained
Somewhat poorly drained
Moderately well drained
Well drained
Excessively drained
NO DATA
Total

Hillsborough
2

km

km2

%

14.6 159.5 21.0
34.3 375.2 42.7
14.9 162.9 14.3
11.0 119.8
7.4
9.8
106.5
4.8
8.7
95.1
6.7
6.7
73.6
3.1
100.0 1092.6 100.0

366.8
746.2
250.4
129.0
84.0
117.9
54.5
1749.0

Table 13. Percent and Total Area (km2) of Drainage Class in Group B Watersheds.
Distribution of Drainage Class
in Group B Watersheds
Manatee

Peace

Class

%

km

%

km2

Very poorly drained
Poorly drained
Somewhat poorly drained
Moderately well drained
Well drained
Excessively drained
NO DATA
Total

14.0
67.4
5.9
7.3
0.0
0.0
5.4
100.0

130.3
629.3
55.5
68.2
0.0
0.0
50.1
933.3

14.1
62.1
6.3
5.8
2.6
4.3
4.8
100.0

852.4
3769.1
382.9
350.1
158.9
262.4
290.9
6066.8
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2

Figure 17. Spatial and Graphical Distribution of Drainage Class in Group A & B
Watersheds.
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1.1.1.5 Runoff Class
Results for runoff class distributions analyzed in ArcGIS 9.2 are presented in:
Tables 14 & 15 and Figure 18. Runoff classes in the four study basins ranged from very
high to negligible. Results for (dominant drainage class), percent, aerial coverage (km2)
were as follows: Alafia (very high): 29.1%, 317.7 km2; Hillsborough (negligible): 27.8%,
485.6 km2; Manatee (very low): 51.0%, 475.9 km2; Peace (high): 50.8%, 2955.8 km2.
These results alone do not provide much information of how Group A and B
watersheds compare with respect to runoff conditions. However, when considered along
side the second most spatially dominant runoff conditions: Alafia (negligible): 28.3%,
308.7 km2; Hillsborough (very high): 27.8%, 480.8 km2; Manatee (negligible): 23.5%,
219.5 km2; Peace (negligible): 24.5%, 1425.4 km2, discernable patterns both amongst and
within the two study groups emerge. For instance Group A watersheds seem to be equally
dominated spatially, by both high and low runoff conditions. Conversely, not only were
Group B watersheds not dominated by a particular runoff behavior, runoff conditions for
each group member varied spatially (Manatee: 74.5% very low or negligible vs. Peace:
68.9% high or very high).
When considered with previous results of this soil based analysis, namely OM,
results suggest that runoff may very well factor in determining the spatial variability of
in-stream water quality in a given drainage area however, results for Manatee watershed
imply a more dynamic collection of processes is at work. While runoff is widely known
as a vehicle of material transport to aquatic environments, the constituents of these
pollutants will vary according to the availability and nature of source materials. This may
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explain why a basin such as Manatee that exhibits very little to no runoff can have higher
concentrations of OM in its streams and rivers. OM results showed that Group B
watersheds had higher OM values than Group A. In addition, these areas were shown
spatially to be in relatively close proximity to the basin’s waterways. Therefore, as runoff
relates to in-stream quality, it seems its influence will vary according to source material.
Table 14. Percent and Total Area (km2) of Runoff Class in Group A Watersheds.
Distribution of Runoff
in Group A Watersheds
Alafia

Hillsborough
2

Class

%

km

%

km2

Very high
High
Medium
Low
Very low
Negligible
No data
Total

29.1
12.2
3.6
1.3
18.8
28.3
6.7
100.0

317.7
133.1
39.7
14.1
205.7
308.7
73.6
1092.6

27.5
24.3
0.0
5.4
11.7
27.8
3.2
100.0

480.8
425.8
0.7
95.1
204.6
485.6
56.4
1749.0

Table 15. Percent and Total area (km2) of Runoff Class in Group B Watersheds.
Distribution of Runoff
in Group B Watersheds
Manatee

Peace
2

Class

%

km

%

km2

Very high
High
Medium
Low
Very low
Negligible
No data
Total

0.3
1.4
18.5
0.0
51.0
23.5
5.3
100.0

2.6
12.8
172.9
0.3
475.9
219.5
49.5
933.3

18.1
50.8
0.5
0.4
0.6
24.5
5.0
100.0

1055.6
2955.8
31.9
25.9
34.3
1429.4
534.0
6066.8
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Figure 18. Spatial and Graphical Distribution of Runoff Class in Group A & B
Watersheds.

1.1.1.6 Hydrologic Soil Group (HSG)
Results for hydrologic group distributions analyzed in ArcGIS 9.2 are presented
in: Tables 16 & 17 and Figure 19. Hydrologic group in study areas ranged from A (e.g.,
High infiltration when thoroughly wetted, deep water Table and low runoff potential) to
D (e.g., low infiltration when thoroughly wetted, high water Table and high runoff
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potential). Given the spatial and temporal variation of hydric conditions in Florida’s
unique wetland habitats, it is not surprising that all four watersheds were also represented
in each of the additional three other dual classes. All four drainage basins were spatially
dominated by a hybrid group (B/D). Percent and aerial coverage (km2) for this group
were as follows: Alafia: 35.7%, 389.7 km2; Hillsborough: 61.3%, 840.4 km2; Manatee:
77.7%, 700.3 km2; Peace: 57.0%, 3459.4 km2. The B/D group is considered to have
anywhere from moderate to low infiltration, moderate to poor drainage and moderately
low to high runoff potential. All of which are dependent on the extent to which the soils
are wetted. The prominence of such a dynamic HSG group in each of the study basins
may not be surprising given the seasonal variation of hydric conditions often present
across Florida landscapes.

The examination of the second most dominant HSG allowed for differentiation
amongst groups A and B with respect to this soil property. More specifically, in Group A
this class was the low runoff potential hydrologic Group A, while Group B watersheds
saw their second highest representation in higher runoff potential classes (Manatee: C and
Peace: D). In addition, when considering the size of the Peace watershed, these high
runoff potential soils covered over 1000 km2. Furthermore, while cartographic results
showed that Group A had its low runoff potential soils in close proximity to its major
waterways, rivers in Group B had high runoff potential soils close by. All of which
suggested Group B had increased material transport potential adjacent to its waterways.
This potential would allow for increased terrestrial contributions to aquatic and
subsequently coastal environments and must be considered as a possible point of
differentiation amongst groups A and B with regards to coastal CDOM concentrations.
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Table 16. Percent and Total Area (km2) of Hydrologic Group in Group A Watersheds.
Distribution of Hydrologic Group
in Group A Watersheds
Alafia

Hillsborough
2

Class

%

km

%

km2

A
A/D
B
B/D
C
C/D
D
No data
Total

23.6
0.0
7.0
35.7
13.7
0.0
13.3
6.7
100.0

258.2
0.0
77.0
389.7
150.0
0.0
145.0
72.7
1092.6

23.6
2.4
1.5
61.3
17.4
0.0
17.5
3.8
100.0

323.4
33.3
20.8
840.4
238.9
0.0
239.3
52.8
1749.0

Table 17. Percent and Total Area (km2) of Hydrologic Group in Group B Watersheds.

Distribution of Hydrologic Group
in Group B Watersheds
Manatee

Peace
2

Class

%

km

%

km2

A
A/D
B
B/D
C
C/D
D
No data
Total

2.7
0.0
0.8
77.7
10.2
0.0
6.6
5.6
100.0

24.2
0.0
7.6
700.3
91.8
0.2
59.1
50.1
933.3

10.1
0.0
1.9
57.0
7.0
0.0
19.2
4.8
100.0

614.9
0.0
113.7
3459.4
425.7
0.0
1161.8
291.3
6066.8
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Figure 19. Spatial and Graphical Distribution of Hydrologic Group in Group A &
B Watersheds.
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1.1.2 Spatial Analysis of Chemical Properties
Spatial analysis results for Group A and B watersheds are represented below in
tabular, cartographic and graphical format for each of the soil chemical property.
1.1.2.1 Soil pH

Results for pH value distributions analyzed in ArcGIS 9.2 are presented in Tables
18 & 19 and Figure 20. pH values for all study watersheds ranged from (0.0 –
8.4).Results for (dominant pH value class), percent, aerial coverages km2 were as
follows: Alafia (0.0 – 5.0): 45.1%, 492.4 km2; Hillsborough (0.0 – 5.0): 49.4%, 864.7
km2; Manatee (5.1 – 6.0): 53.0%, 494.7 km2; Peace (0.0 – 5.0): 45.1%, 2738.4 km2.
Additionally, when the percent coverage of pH values < 6.0 were considered, the
distributions were as follows: Alafia: 73.5%; Hillsborough: 82.2%; Manatee: 86.1%;
Peace: 80.5%.
These results show that all study basins are dominated by mild to extremely acidic
soil conditions. The high ionic activity associated with acidic soils implies that these
watersheds are subject to adsorptive and adsorptive conditions. Therefore, it is plausible
that sediment deposited to aquatic environments in these areas may be a vehicle of
contaminant transport. However, this observation is purely speculator and with respect to
establishing differences between groups A and B as it pertains to coastal water quality,
these results were inconclusive.
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Table 18. Percent and Total Area (km2) of pH Values in Group A Watersheds.
Distribution of pH
in Group A Watersheds
Alafia
Value Range
0.0 - 5.0
5.1 - 6.0
6.1 - 7.3
7.4 - 8.4
NO DATA
Total

%

Hillsborough

km2

km2

%

45.1 492.4 49.4
28.4 310.7 32.8
18.2 199.2 16.6
8.3
90.3
1.1
0.0
0.0
0.0
100.0 1092.6 100.0

864.7
573.0
291.2
20.1
0.0
1749.0

Table 19. Percent and Total Area (km2) of pH Values in Group B Watersheds.
Distribution of pH
in Group B Watersheds
Manatee
Value Range
0.0 - 5.0
5.1 - 6.0
6.1 - 7.3
7.4 - 8.4
NO DATA
Total

%

Peace
2

km

%

33.1 308.5 45.1
53.0 494.7 35.4
13.6 127.1 17.2
0.3
3.0
2.3
0.0
0.0
0.0
100.0 1092.6 100.0
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km2
2738.4
2144.8
1042.0
140.0
1.5
6066.8

Figure 20. Spatial and Graphical Distribution of pH Values in Group A & B
Watersheds.

95

1.1.2.2 Sodium Adsorption Ratio SAR

Results for SAR value distributions analyzed in ArcGIS 9.2 are presented in:
Tables 20 & 21 and Figure 21. Distribution of SAR values for all study watersheds were
almost exclusive to the lowest class (0.0 – 20.0). Percent and aerial coverage km2 for this
dominant class were as follows: Alafia: 100%, 1092.6 km2; Hillsborough: 100.0%,
1749.0 km2; Manatee: 99.7%, 930.6 km2; Peace: 99.5%, 6038.1 km2. The dominance of
relatively low SAR values are indicative soils with elevated concentrations of organic
material, higher KSAT values and a general stability with regards to soil structure. Results
showed that all watersheds generally had well structure soils at the landscape scale.
However, cartographic results showed that Group B differed from Group A according to
this soil property. Both the Manatee and Peace rivers had noticeable areas of high SAR
(i.e., poorly structured) soils near their outlets. Poorly structured soils are more prone to
erosional processes and their close proximity to the outlet of these rivers implicated these
areas as potential sediment sources to coastal areas. Given Group A was not home to such
areas, results allowed for the differentiation of these study groups with respect to this soil
property.
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Table 20. Percent and Total Area (km2) of SAR Values in Group A Watersheds.
Distribution of Sodium Adsorption Ratio (SAR)
in Group A Watersheds
Alafia

Hillsborough
2

Value Range

%

km

%

km2

0.0 - 20.0
21.0 - 50.0
51.0 - 65.0
Total

100.0
0.0
0.0
100.0

1092.6
0.0
0.0
1092.6

100.0
0.0
0.0
100.0

1749.0
0.0
0.0
1749.0

Table 21. Percent and Total Area (km2) of SAR Values in Group B Watersheds.
Distribution of Sodium Adsorption Ratio (SAR)
in Group B Watersheds
Manatee

Peace
2

Value Range

%

km

%

km2

0.0 - 20.0
21.0 - 50.0
51.0 - 65.0
Total

99.7
0.0
0.3
100.0

930.6
0.0
2.8
933.3

99.5
0.1
0.4
100.0

6038.1
4.9
23.7
6066.8
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Figure 21. Spatial and Graphical Distribution of SAR Values in Group A & B
Watersheds.
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1.1.2.3 Cation Exchange Capacity (CEC)

Results for CEC value distributions analyzed in ArcGIS 9.2 are presented in
Tables 22 & 23 and Figure 22. Overall, both study groups were dominated by soils with
low CEC. In fact, all were primarily allocated to the lowest CEC value class (0.0 – 1.2).
Results for this lowest class were as follows: Alafia: 68.0%, 742.6 km2; Hillsborough:
63.4%, 1108.2 km2; Manatee: 81.7%, 762.8 km2; Peace: 57.5%, 3486.9 km2. In addition,
when CEC values < 5.4 are considered spatially the percent distribution became: Alafia:
68.0%, 742.6 km2; Hillsborough: 63.4%, 1108.2 km2; Manatee: 81.7%, 762.8 km2;
Peace: 57.5%, 3486.9 km2. Alafia: 97.7%; Hillsborough: 90.2%; Manatee: 86.5%; Peace:
90.3%.
These results alone were not useful in characterizing watershed difference given
the similar behavior of all four basins. They were however, useful in recognizing an
important soil condition dispersed with relative homogeneity across the two groups. Low
CEC values are indicative of soils that struggle to retain cations, and consequently
organic and inorganic pollutants. These results showed that all four watersheds were
spatially dominated by soils that are willing contributors to in-stream environments.
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Table 22. Percent and Total Area (km2) of CEC Values in Group A Watersheds.
Distribution of Cation Exchange Capacity (CEC)
(meq 100g-1) in Group A Watersheds
Alafia

Hillsborough
2

Value Range

%

km

%

km2

0.0 - 1.2
1.3 - 5.4
5.5 - 13.7
13.8 - 42.8
42.9 - 151.8
NO DATA
Total

68.0
29.7
1.1
0.1
1.1
0.0
100.0

742.6
324.9
12.2
1.4
11.5
0.0
1092.6

63.4
26.8
9.5
0.1
0.2
0.0
100.0

1108.2
469.3
166.3
1.4
3.8
0.0
1749.0

Table 23. Percent and Total Area (km2) of CEC Values in Group B Watersheds.
Distribution of Cation Exchange Capacity (CEC)
(meq 100g-1) in Group B Watersheds
Manatee

Peace
2

Value Range

%

km

%

km2

0.0 - 1.2
1.3 - 5.4
5.5 - 13.7
13.8 - 42.8
42.9 - 151.8
NO DATA
Total

81.7
4.8
10.1
0.1
2.3
0.9
100.0

762.8
45.1
94.3
1.3
21.8
8.0
933.3

57.5
32.8
6.2
2.8
0.8
0.0
100.0

3486.9
1988.6
375.8
168.1
47.3
0.0
6066.8
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Figure 22. Spatial and Graphical Distribution of CEC Values in Group A & B
Watersheds.
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1.1.3 Summary of Spatial Analysis of Soil Properties

Tabular, cartographic and graphical information regarding the spatial analysis of
soil physical and chemical properties showed that there were several noticeable
differences between groups A and B as it pertained to soil physical and chemical
properties. Results for each property are summarized below. They are discussed within
the context of their influence on material sources and transport within and amongst
Groups A & B.
1.1.3.1 Summary of Spatial Analysis of Organic Matter (OM)

Results showed that all four watersheds were dominant in the same OM
percentage range. However, Group B watersheds showed greater representation in higher
OM classes. Further differentiation as it pertains to groups A and B watersheds was
apparent in the cartographic representation of the data. Raster data suggested that high
OM areas in Group B watersheds were generally in closer proximity to known surface
water areas which was not the case for Group A. The highest OM soils for Group A
(Alafia and Hillsborough) watersheds were for the most part, located a considerable
distance upstream from the mouth of each respective river. Spatial distributions in Group
B watersheds were dissimilar in several respects. Spatial data for Manatee watershed
showed high OM soils to be relatively abundant, particularly at what is known to be the
mouth of the Manatee River. The Peace watershed map indicated that it too, possessed a
noticeable area of high OM near its river mouth (i.e., Charlotte Harbor). However, it was
also evident that Peace River is also subject to numerous high OM soil areas in the
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wetland areas that feed its headwater streams. These results were able to differentiate the
two study groups based on Group B’s greater potential as an OM source.
1.1.3.2 Summary of Spatial Analysis of Calcium Carbonate (CaCO3)

Examination of CaCO3 results did not show any differences amongst the two
study groups to become apparent. In fact, three of the study areas had grater than 97% of
its total area allocated to the lowest CaCO3 value range. The Alafia which had only 45%
of its total area in this range was the lone exception. This watershed’s high representation
in three additional classes (e.g., coverage of CaCO3 value ranges), pointed to greater
variation with respect to this factor across the drainage basin. In addition, only the Peace
watershed had an area > 1% allocated to anything other than the lowest CaCO3 values.
2.1 % (i.e., 129.9 km2) of the Peace and 8.3% (90.3 km2) of the Alafia River watersheds
were dominated by soils with CaCO3 concentrations of approximately 30 – 60%, and
cartographic evidence demonstrated that these areas were quite localized at the
watersheds scale. This implied that the two basins contained significant areas prone to the
dynamic effects of karst topography and may warrant further investigation in these areas.
1.1.3.3 Summary of Spatial Analysis of Saturated Hydraulic Conductivity (KSAT)

Analysis of tabular, cartographic and graphical KSAT data yielded similar results
both with and amongst the two study groups. Specifically, all watersheds were
significantly dominated by high KSAT soil conditions. The lack of differentiation may
again be attributed to similar parental soil material. This made the results of this analysis
inconclusive with regards to differentiating the two study groups. However, they did
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provide evidence that all of the study watersheds are subject to relatively high rates of
lateral flow below the substrate.

1.1.3.4 Summary of Spatial Analysis of Drainage Class

All drainage classes were represented in each of the study watersheds.
Additionally, both groups A and B were dominated by poorly and very poorly drained
soils. However, results of spatial analysis showed that not only were poor soil drainage
conditions were more prominent in Group B watersheds they were spatially prominent
near the headwaters and throughout the low lying costal plains of these watersheds. The
differing drainage environments present in the two groups suggested Group B had greater
transport potential than its Group A counterpart.
1.1.3.5 Summary of Spatial Analysis of Runoff Class

Runoff class results showed that Group A watersheds behaved in a very similar
manner with respect to this soil property. Conversely, Group B watersheds were not only
dominated by different runoff conditions, they also differed when compared amongst the
study groups.
Group A watersheds were each both spatially dominated by opposing runoff
conditions (e.g., high to very high versus very low to negligible). Group B watershed
Peace, also demonstrated this polarity with respect to runoff class, but did exhibit a
tendency to high to very high runoff. The other watershed in this group, Manatee, was
different than all others in this study due to its dominant very low to negligible runoff
conditions. Cartographic information showed that the areas of the three watersheds with
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high representation in the higher runoff classes, tended to be located near the mouths of
these basin’s major waterways. However, the lack of consistency in runoff class within
Group B does not facilitate the use of this property alone as a point of differentiation
amongst the two study groups.

1.1.3.6 Summary of Spatial Analysis of Soil Hydrologic Group (HSG)

The four study watersheds were all dominated to vary degrees by the same hybrid
HG (e.g., B/D). However, the second most dominate HSG in both Group A basins was
HSG A. This HSG is associated with low runoff potential. Additionally, these low runoff
potential soils seemed to be widely distributed along the major water ways in Group A.
Conversely, the second most prevalent HSGs in Group B watersheds (Manatee: C and
Peace: D) are associated with higher runoff potential. Furthermore, these areas seemed to
be widely distributed near the headwaters and adjacent to the major rivers of these
watersheds. These results suggested that Group B basins not only had a greater
proportion of their total area allocated to high runoff potential soils, but that these areas
were distributed in a manner that would facilitate terrestrial contributions to surface
waters within these drainage areas. As such this soil physical property was considered a
point of differentiation when comparing groups A and B. More specifically, spatial and
cartographic information regarding this property suggested Group B watersheds had
greater potential to transport materials from their terrain to aquatic environments.
1.1.3.7 Summary of Spatial Analysis of Soil pH

Group A and B watersheds were both almost exclusively dominated by mild to
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extremely acidic conditions. These results suggested that all study watersheds were home
to highly ionic soil conditions capable of facilitating adsorptive and absorptive processes.
However, in the context of characterizing the two groups based on this soil chemical
property, results were insufficient.
1.1.3.8 Summary of Spatial Analysis of Sodium Adsorption (SAR)

The landscapes of both study groups were almost exclusively confined to the
lowest SAR soil class. As such aerial coverage in this case was not a viable option for
determining differences amongst groups A and B. However, cartographic information
was able to identify potential source areas in Group B present in the form of small
localized areas of high SAR (i.e., weak structured soils) near the mouth of both this
group’s rivers. The proximity of these areas to coastal environments implicated them as
potential sediment sources and provided a basis for differentiating the study groups
according to this soil property.
1.1.3.9 Summary of Spatial Analysis of Cation Exchange Capacity (CEC)

Both groups of study watersheds were dominant in the lowest CEC value class.
This suggested that all study areas were dominated by soils that struggle to retain cations
and may thus be willing contributors of organic and inorganic materials to waterways
within these drainage areas. Therefore, although these results were useful in describing
overall soil ionic conditions, they were unable to provide a basis of differentiation
amongst groups A and B.
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1.1.4 Statistical Analysis of Soil Based Properties
Results of nonparametric statistical analysis in study showed significant
difference both within and amongst Groups A & B, as it pertains to the soil property of
interest.
1.1.4.1 Kruskal-Wallis
Table 24 shows results of the Kruskall-Wallis test, which was used as a
preliminary nonparametric comparison test in this study. A p-value approach was used
with α = 0.05. The test statistic (Q = 2.64) was determined using the specified α.
Table 24. Results of Kruskall-Wallis Test.
Kruskall-Wallis Results
Soil Property

Χ2

Degree of Freedom

p-value*

CaCo 3
T Factor
SAR
OM

317.76
163.14
848.37
44.9

3
3
3
3

p < 0.0001
p < 0.0001
p < 0.0001
p < 0.0001

K SAT
CEC
pH
EC

77.1
52.9
51.03
353.16

3
3
3
3

p < 0.0001
p < 0.0001
p < 0.0001
p < 0.0001

* p-value approach in this study was conducted using α = 0.05

1.1.4.2 Multiple Comparison Test
Dunn, (1964)’s multiple comparison test was used to test the null hypothesis of
identical sample means both within and amongst the two study groups. This study
implemented a p-value approach where α = 0.05 and degree of freedom (df = 4).
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1.1.4.2.1 Calcium Carbonate (CaCO3)
A post-hoc non-parametric multiple comparison test was conducted using
previously determined rank according to methods detailed by Dunn, (1964). Tests
showed a significant difference between the following watersheds: Manatee and
Hillsborough (Q = 5.85, p < 0.001); Manatee and Peace (Q = 6.68, p < 0.001); and
Manatee and Alafia (Q = 5.44, p < 0.001) as it pertains to this soil property.
1.1.4.2.2 Transmissivity Factor (TFACTOR)
A post-hoc non-parametric multiple comparison test was conducted using
previously determined rank according to methods detailed by Dunn, (1964). Tests
showed a significant difference between the following watersheds: Manatee and
Hillsborough (Q = 6.93, p < 0.001); Manatee and Peace (Q = 4.96, p < 0.001); Alafia and
Hillsborough (Q = 7.21, p < 0.001); Alafia and Peace (Q = 5.06, p < 0.001); and Peace
and Hillsborough (Q = 6.56, p < 0.001) as it pertains to this soil property.
1.1.4.2.3 Sodium Adsorption Ratio (SAR)
A post-hoc non-parametric multiple comparison test was conducted using
previously determined rank according to methods detailed by Dunn, (1964). Tests
showed a significant difference between the following watersheds: Manatee and
Hillsborough (Q = 6.78, p < 0.001); Manatee and Peace (Q = 7.04, p < 0.001); and
Manatee and Alafia (Q = 6.38, p < 0.001) as it pertains to this soil property.
1.1.4.2.4 Organic Matter (OM)
A post-hoc non-parametric multiple comparison test was conducted using
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previously determined rank according to methods detailed by Dunn, (1964). Tests
showed a significant difference between the following watersheds: Manatee and
Hillsborough (Q = 6.03, p < 0.001); Manatee and Peace (Q = 6.39, p < 0.001); and
Manatee and Alafia (Q = 5.90, p < 0.001) as it pertains to this soil property.
1.1.4.2.5 Saturated Hydraulic Conductivity (KSAT)
A post-hoc non-parametric multiple comparison test was conducted using
previously determined rank according to methods detailed by Dunn, (1964). Tests
showed a significant difference between the following watersheds: Manatee and
Hillsborough (Q = 6.14, p < 0.001); Manatee and Peace (Q = 7.27, p < 0.001); Manatee
and Alafia (Q = 5.40, p < 0.001); and Peace and Hillsborough (Q = 2.64, p < 0.05) as it
pertains to this soil property.

1.1.4.2.6 Cation Exchange Capacity (CEC)
A post-hoc non-parametric multiple comparison test was conducted using
previously determined rank according to methods detailed by Dunn, (1964). Tests
showed a significant difference between the following watersheds: Manatee and
Hillsborough (Q = 3.09, p < 0.02); Manatee and Peace (Q = 3.20, p < 0.02); Manatee and
Alafia (Q = 5.68, p < 0.001); Alafia and Hillsborough (Q = 5.30, p < 0.001); and Alafia
and Peace (Q = 6.06, p < 0.001) as it pertains to this soil property.

1.1.4.2.7 pH
A post-hoc non-parametric multiple comparison test was conducted using previously
determined rank according to methods detailed by Dunn, (1964). Tests showed a
significant difference between the following watersheds: Alafia and Hillsborough (Q =
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5.73, p < 0.001); and Alafia and Peace (Q = 6.95, p < 0.001) as it pertains to this soil
property.

1.1.4.2.8 Erosion Class (EC)
A post-hoc non-parametric multiple comparison test was conducted using previously
determined rank according to methods detailed by Dunn, (1964). Tests showed a
significant difference between the following watersheds: Manatee and Hillsborough (Q =
4.38, p < 0.001); Manatee and Peace (Q = 4.54, p < 0.001); and Manatee and Alafia (Q =
4.12, p < 0.001) as it pertains to this soil property
1.1.4.2.9 Summary of Statistical Analysis Groups A and B

Figure 23 summarizes results for the nonparametric sample mean comparison test
used in this study comparing soil properties in groups A and B.
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Figure 23. Summary of Statistical Analysis Results Showing Watershed Relationships.

Identical subscripts denote watersheds showing statistical similarities with respect
to the given soil property. In all instances except two (TFACTOR and pH) the Alafia,
Hillsborough and Peace watersheds were statistically similar, while results for the
Manatee seemed to differ. Figure 24 provides cartographic information that may explain
the noticeable patterns of results in this analysis, the two most noticeable being: the much
larger number of potential sample sites in the Alafia, Hillsborough and Peace when
compared to the Manatee watershed; and the close geographic proximity of the these
sample sites, when compared to the Manatee.
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Figure 24. Map of Available Sample Sites Used in Statistical Analysis.

The spatial distribution of the sample sites suggested results for this analysis may
have been influenced by a significant amount of spatial correlation. Given the fact that
watershed boundaries are not enumeration units associated with soil properties; and the
tendency for soil parent material to be relatively homogeneous when observed at the
landscape scale; it is quite possible that sample sites assigned to different watersheds,
were actually closer in location and value than others within their own respective basins.
Such a situation was present in the case of CEC, where the Hillsborough and the
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Peace watersheds showed statistical similarities. In particular, examination of CEC values
showed that the southeast corner of the Hillsborough and the northeast corner of the
Peace both were similarly represented by higher CEC values. This pointed soil
homogeneity crossing watershed boundaries. However, spatial location was not the only
factor influencing these results, and sample size must also be taken to consideration when
interpreting these results.
Take the case of TFACTOR where, despite location and a limited sample set, the
Manatee watershed was statistically similar to all other study watersheds. Further
examination of the database for TFACTOR within this watershed showed that while limited
in number, discrete values for these sample were not only identical, but were distributed
throughout a majority of the other watersheds. This seemed to have the affect of
determining similar means for all basins when investigating this soil property within the
context of watershed delineated sample sets.
Overall, results of the statistical analysis performed in this study were
inconclusive with respect to differentiating the Group A and B watersheds. This was most
likely due to the need to employ very conservative comparison methods based on data
limitations. The most obvious of these limitations being not only inconsistencies in
sample size, but the also uneven distribution of these samples at the landscape scale. The
most important contribution of these results to this study, was highlighting the need for
the development of datasets better suited to cope with differences in sample sizes and the
clustering of certain sample locations; and the utilization of more meaningful
enumeration units as it pertains to soil properties.
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1.2 MODEL BASED ANALYSIS

Spatial analysis results for Group A and B watersheds are represented below in
tabular, cartographic and graphical format for: R Factor; K Factor; LS Factor; C Factor; P
Factor; and total RUSLE (A).
1.2.1 RUSLE Based Analysis
1.2.1.1 Rainfall Erosivity Factor (R Factor)
Results for R Factor value distributions analyzed in ArcGIS 9.2 are presented in:
Tables 25 & 26 and Figure 25 .R Factor values for all watersheds ranged from (450,000 –
700,000 kg ha-1yr-1). Spatially dominant R Factor values for each watershed (e.g., (value
class): percentage of total area, area km2) were as follows: Alafia (550,000 – 600,000):
99.5%, 1087.7 km2; Hillsborough (600,001 – 650,000): 48.5%, 848.7 km2; Manatee
(600,001 - 650,000): 79.4%, 740.6 km2; Peace (550,001 – 600,000): 91.0%, 5518.1 km2.
These results showed that all watersheds were considerably allocated to R Factor values
greater than 550,000 (kg ha-1yr-1). This suggests that the erosive impacts rainfall in all
watersheds may be considerable.
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Table 25. Percent and Total Area (km2) of R Factor Values in Group A Watersheds.
Distribution of R Factor (kg ha-1yr-1)
in Group A Watersheds
Alafia
Value Range
450,000 - 500,000
500,001 - 550,000
550,001 - 600,000
600,001 - 650,000
650,001 - 700,000
No Data
Total

%

Hillsborough
2

km

km2

%

0.0
0.0
0.4
6.8
0.5
5.5
3.8 67.3
99.5 1087.7 30.2 528.6
0.0
0.0 48.5 848.7
0.0
0.0 17.1 298.3
0.0
0.0
0.0
0.0
100.0 1093.0 100.0 1749.0

Table 26. Percent and Total Area (km2) of R Factor Values in Group B Watersheds.
Distribution of R Factor (kg ha-1yr-1)
in Group B Watersheds
Manatee
Value Range

%

450,000 - 500,000
500,001 - 550,000
550,001 - 600,000
600,001 - 650,000
650,001 - 700,000
No Data
Total

0.0
0.0
1.8
79.4
18.4
0.4
100.0
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Peace
2

km

%

km2

0.0
0.0
0.0
0.0
8.8 533.0
16.8 91.0 5518.1
740.6 0.1
5.2
171.9 0.0
0.0
4.0
0.1
9.0
933.0 100.0 6066.0

Figure 25. Spatial and Graphical Distribution of R Factor Values in Group A & B
Watersheds.
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1.2.1.2 Soil Erodability Factor (K Factor)

Results for K Factor value distributions analyzed in ArcGIS 9.2 are presented in
Tables 27 & 28 and Figure 26.K Factor values for all watersheds ranged from (0.0 –
0.003). Three of the four watersheds (Alafia: 98.8%, 1080.0 km2; Hillsborough: 97.5%,
1706.0 km2; Peace: 94.5%, 5734.0 km2) were spatially dominated by the K Factor value
range (0.0014 – 0.003). The lone exception Manatee (94.7%, 884.0 km2) was most
represented in the (0.0011 – 0.0013) range. There do not seem to enough information
from the results present to differentiate between Groups A & B based on K Factor alone.
Table 27. Percent and Total Area (km2) of K Factor Values in Group A Watersheds.
Distribution of K Factor
in Group A Watersheds
Alafia
Value Range

%

Hillsborough
2

km

%

km2

0.0
1.2
13.0 2.5
43.0
0.0011 - 0.0013 0.0
0.0
0.0
0.0
0.0014 - 0.003 98.8 1080.0 97.5 1706.0
No Data
0.0
0.0
0.0
0.0
Total
100.0 1093.0 100.0 1749.0
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Table 28. Percent and Total Area (km2) of K Factor Values in Group B Watersheds.
Distribution of K Factor
in Group B Watersheds
Manatee
Value Range

%

Peace
2

km

%

0.0
1.5
14.0 3.5
0.0011 - 0.0013 94.7 884.0 0.0
0.0014 - 0.003
0.0
0.0
94.5
No Data
3.8
35.0 2.0
Total
100.0 933.0 100.0
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km2
213.0
0.0
5734.0
119.0
6066.0

Figure 26. Spatial and Graphical Distribution of K Factor Values in Group A & B
Watersheds.
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1.2.1.3 Length of Slope Factor (LS Factor)
Results for LS Factor value distributions analyzed in ArcGIS 9.2 are presented in
Tables 29 & 30 and Figure 27. LS Factor values for all watersheds ranged from (0.0 –
0.94 m). All four watersheds were most represented in the (0.0 – 0.03) range:, with the
following spatial distributions: Spatially dominant R Factor values ranges for each
watershed (e.g., (value class): percentage of total area, area km2) were as follows: Alafia:
25.6%, 279.8 km2; Hillsborough: 44.2%, 773.6 km2; Manatee: 43.3%, 403.9 km2 Peace:
94.5%, 5734.0 km2. Results also showed that Group A watersheds showed greater
representation in the higher LS classes (i.e., 0.1 – 0.13 & 0.14 – 0.94). However, based
on these results any differentiation of the groups based on this would be purely
speculative.
Table 29. Percent and Total Area (km2) of LS Factor Values in Group A Watersheds.
Distribution of LS Factor (m)
in Group A Watersheds
Alafia

Hillsborough

Value Range

%

km

%

km2

0.0 - 0.03
0.04 - 0.05
0.06 - 0.09
0.1 - 0.13
0.14 - 0.94
No Data
Total

25.6
17.7
25.0
14.6
17.1
0.0
100.0

279.8
193.3
273.1
159.7
187.3
0.0
1093.0

44.2
20.9
18.1
7.0
7.1
2.7
100.0

773.6
365.0
316.2
122.1
124.9
47.0
1749.0
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Table 30. Percent and Total Area (km2) of LS Factor Values in Group B Watersheds.
Distribution of LS Factor (m)
in Group B Watersheds
Manatee

Peace

Value Range

%

km

%

km2

0.0 - 0.03
0.04 - 0.05
0.06 - 0.09
0.1 - 0.13
0.14 - 0.94
No Data
Total

43.3
30.3
14.1
6.0
2.1
4.3
100.0

403.9
282.8
131.4
56.4
19.2
40.0
933.0

59.9
13.8
12.7
5.5
6.1
2.0
100.0

3632.1
835.6
772.1
334.9
368.3
123.5
6066.0

121

2

Figure 27. Spatial and Graphical Distribution of LS Factor Values in Group A & B
Watersheds.
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1.2.1.4 Cover Management (C Factor)

Results for C Factor value distributions analyzed in ArcGIS 9.2 are presented in
Tables 31 & 32 and Figure 28 Both study groups were dominant by the C Factor value
0.0001 (urban areas & water bodies) with the following spatial distributions: Alafia:
66.4%, 726.4 km2; Hillsborough: 59.5%, 1041.9 km2; Manatee: 44.9%, 419.4 km2 Peace:
41.9%, 2539.3 km2. These results show that Group A watersheds are more dominated by
LULC that would severely inhibit natural erosion processes. In addition, Group B
watersheds (Manatee: 34.2%, 319.3 km2; Peace: 41.6%, 2522.1 km2) showed noticeably
greater spatial contributions to LULC types classified as being highly susceptible to soil
erosion (i.e., C Factor value 1.0: barren soil, sand lands and sand dunes), when compared
to Group A (watersheds (Alafia: 24.2%, 264.7 km2; Hillsborough: 25.8%, 450.9 km2).
These results may support the position that terrestrial contributions amongst the two
grouped may differ with respect to the quantity and distribution of source material across
the landscape.
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Table 31. Percent and Total Area (km2) of C Factor Values in Group A Watersheds.
Distribution of C Factor
in Group A Watersheds
Alafia

Hillsborough
2

Value Range

%

km

%

km2

0.0001
0.003
0.01
0.4
1.0
No Data
Total

66.4
0.0
9.3
0.0
24.2
0.0
100.0

726.4
0.0
102.1
0.0
264.7
0.0
1093.0

59.5
0.0
14.7
0.0
25.8
0.0
100.0

1041.9
0.0
257.0
0.0
450.9
0.0
1749.0

Table 32. Percent and Total Area (km2) of C Factor Values in Group B Watersheds.
Distribution of C Factor
in Group B Watersheds
Manatee
Value Range

%

0.0001
0.003
0.01
0.4
1.0
No Data
Total

44.9
0.0
20.9
0.0
34.2
0.0
100.0
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Peace
2

km

%

419.4 41.9
0.0
0.0
194.9 14.9
0.0
0.0
319.3 41.6
0.0
1.7
933.0 100.0

km2
2539.3
0.0
901.3
0.0
2522.1
103.0
6066.0

Figure 28. Spatial and Graphical Distribution of C Factor values in Group A & B
Watersheds.
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1.2.1.5 Protective Management Factor (P Factor)

Results for P Factor value distributions analyzed in ArcGIS 9.2 are presented in
Tables 33 & 34 and Figure 29. The distribution of P Factor = 1 for the four watersheds
were (Alafia: 19.5%, 213.2 km2; Hillsborough: 25.6%, 448.0 km2; Manatee: 33.9%,
316.8 km2; Peace: 41.4%, 2510.5 km2).These results again support the possibility of
Group B watersheds having more source areas than their Group A counterparts.
Table 33. Percent and Total Area (km2) of P Factor Values in Group A Watersheds.
Distribution of P Factor
in Group A Watersheds
Alafia
Value Range
0.0
1.0
Total

%

Hillsborough
2

km

%

km2

80.5 879.9 74.4 1301.7
19.5 213.2 25.6 448.0
100.0 1093.2 100.0 1749.7

Table 34. Percent and Total Area (km2) of P Factor Values in Group B Watersheds.
Distribution of P Factor
in Group B Watersheds
Manatee
Value Range
0.0
1.0
Total

%

Peace
2

km

%

km2

66.1 616.8 58.6 3556.0
33.9 316.8 41.4 2510.5
100.0 933.6 100.0 6066.5
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Figure 29. Spatial and Graphical Distribution of P Factor Values in Group A & B
Watersheds.
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1.2.1.6 Total RUSLE (A)

Results for total RUSLE value distributions analyzed in ArcGIS 9.2 are presented
in Tables 35 & 36 and Figure 30. Total RUSLE Factor for all watersheds ranged from
(0.0 – 300.0 kg ha-1yr-1). All watersheds were spatially dominated in the (0.0 – 20.0)
RUSLE value range: Alafia: 93.0%, 1016.0 km2; Hillsborough: 91.1%, 1593.0 km2;
Manatee: 86.5%, 807.0 km2; Peace: 88.0%, 5338.0 km2. Total RUSLE results were
inconclusive with respect to the differentiation of groups A and B. The only clues may lie
in the cartographic representation of this data. Although purely speculative, Group B
maps to show numerous areas of potential sediment yield (as modeled by RUSLE) near
the location of surface waters. Assuming this observation is correct, these areas have the
potential to act as sediment and thus contaminant sources in such locations.
Table 35. Percent and Total Area (km2) of Total RUSLE Values in Group A Watersheds.
Distribution of RUSLE (kg ha-1yr-1)
in Group A Watersheds
Alafia

Hillsborough
2

Value Range

%

km

%

km2

0.0 -20.0
20.1 - 40.0
40.1 - 60.0
60.1 - 80.0
80.1 - 100.0
100.1 - 200.0
200.1 - 300.0
No Data
Total

93.0
5.7
0.9
0.0
0.2
0.3
0.0
0.0
100.0

1016.0
62.0
10.0
0.0
2.0
3.0
0.0
0.0
1093.0

91.1
4.6
1.4
1.1
0.3
1.0
0.2
0.3
100.0

1593.0
80.0
25.0
19.0
5.0
17.0
4.0
6.0
1749.0
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Table 36. Percent and Total Area (km2) of Total RUSLE Values in Group B Watersheds.
Distribution of RUSLE (kg ha-1yr-1)
in Group B Watersheds
Manatee

Peace
2

Value Range

%

km

%

km2

0.0 -20.0
20.1 - 40.0
40.1 - 60.0
60.1 - 80.0
80.1 - 100.0
100.1 - 200.0
200.1 - 300.0
No Data
Total

86.5
6.0
1.6
0.2
0.1
0.0
0.0
5.6
100.0

807.0
56.0
15.0
2.0
1.0
0.0
0.0
52.0
933.0

88.0
3.6
0.9
0.4
0.1
0.2
0.0
6.8
100.0

5338.0
216.0
55.0
24.0
7.0
11.0
0.0
415.0
6066.0
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Figure 30. Spatial and Graphical Distribution of Total RUSLE Values in Group A
& B Watersheds.

1.3 FLOWPATH BASED ANALYSIS
The following sections provide cartographic and tabular results representing:
percent slope; aspect; as well as profile and planform curvature coverage in each of the
study watersheds.
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1.3.1 Alafia Watershed Flowpath Analysis
The following sections examined the distribution of topographic attributes within
the Alafia watershed. These results were compared both within and amongst groups A
and B.
1.3.1.1 Results of Alafia Watershed Flowpath Analysis (Slope)
Table 37 shows results for the aerial distribution of percent slope in the Alafia
Watershed. While there was some minimal representation in higher classes, DEMs used
in this analysis determined that greater than 99 % of the total area of this watershed was
home to minimal slope (i.e., 0 – 6%). These results were supported cartographically
(Figure 31), where this topographic attribute was decidedly homogeneous across the
landscape. Additionally, the percent slope map showed representations in the higher
classes were extremely localized and seemed to implicate anthropogenic activities with
their origin.
Table 37. Spatial Distribution of Percent Slope in the Alafia Watershed.
ALAFIA SLOPE DISTRIBUTION
2

PERCENT SLOPE

AREA (km )

PERCENT COVERAGE (%)

0-6
7 - 12
13 - 18
19 - 24
25 - 30
31 - 36
37 - 42
43 - 47

1128.5
3.8
<1
<1
-

99.7
<1
<1
<1
-
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Figure 31. Percent Slope Map for the Alafia Watershed Using 3D Visualization.
1.3.1.2 Results of Alafia Watershed Flowpath Analysis (Aspect)
Table 38 shows results for the aerial composition of the Alafia watershed
according to slope aspect. According to DEM data roughly 40% of this basin had slope
face anywhere from true north to due east meanwhile; the remaining classes were
comparable with regards to distribution of slope direction. Cartographic information
(Figure 32) allowed for two inferences with regards to the distribution and nature of the
low aspect areas. While all aspect groups exhibited a heterogeneous distribution pattern
at the landscape scale, the “North – East” class showed several areas of localization. In
addition, the angular nature of these concentrated areas implied anthropogenic activities
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were a major factor regarding the amount and distribution of this dominant aspect class.

Table 38. Spatial Distribution of Aspect in the Alafia Watershed.
ALAFIA ASPECT DISTRIBUTION
SLOPE FACE DIRECTION

AREA (km2 )

PERCENT COVERAGE (%)

NORTH - EAST
EAST - SOUTH
SOUTH - WEST
WEST - NORTH

443.7
231.5
245.7
211.5

39.2
20.4
21.7
18.7

Figure 32. Aspect Map Showing Direction of Slope Face in the Alafia Watershed.
1.3.1.3 Results of Alafia Watershed Flowpath Analysis (Profile Curvature)
Table 39 shows results for the aerial distribution of profile curvature in the Alafia
Watershed. Analysis of DEM data showed that over 40% of this drainage area was
spatially dominated by concave slopes. Additionally, cartographic evidence (Figure 33)
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suggested these areas where heterogeneously distributed throughout the landscape.
However, there was once again some localization of these conditions that implicated
anthropogenic influences.
With respect to the vertical component of overland flow, concave slopes have
been recognized as topological attributes characterized by: reduced flow velocity;
decreased runoff potential; and lower erosion/sediment transport potential.

Table 39. Spatial Distribution of Profile Curvature in the Alafia Watershed.
ALAFIA PROFILE CURVATURE
CURVE SHAPE

SPATIAL COVERAGE (%)

CONVEX (ACCELERATION)
LINEAR
CONCAVE (DECELERATION)

28.8
30.1
41.2

Figure 33. Profile Curvature Map for the Alafia Watershed Using 3D Visualization.
1.3.1.4 Results of Alafia Watershed Flowpath Analysis (Planform Curvature)
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Table 40 displays results for the aerial distribution of planform curvature in the
Alafia Watershed. Comparisons of aerial coverage of these slope shapes showed convex
(e.g., divergent flow) exceeded concave (e.g., convergent flow) slopes in this drainage
basin (29.7% versus 24.4%), respectively. Cartographic evidence (Figure 34) once again
suggested these areas where heterogeneously distributed throughout the landscape with
several being subject to anthropogenic influences.
As it pertained to tangential overland flow with this watershed, convex slopes
have been recognized as topological attributes characterized by: reductions in
channelization; decreased rill formation; and thus lower erosion/sediment transport
potential.
Table 40. Spatial Distribution of Planform Curvature in the Alafia Watershed.
ALAFIA PLANFORM CURVATURE
CURVE SHAPE

SPATIAL COVERAGE (%)

CONVEX (DIVERGENT FLOW)
LINEAR
CONCAVE (CONVERGENT FLOW)

29.7
45.9
24.4
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Figure 34. Planform Curvature Map for the Alafia Watershed Using 3D Visualization.
1.3.1.5 Summary of Flowpath Analysis (Alafia)
Overall, flow conditions in the Alafia Watershed suggest this basin was
dominated by topographic conditions considered less than conducive to soil
erosion/transport and subsequently sedimentation to in-stream environments. Slope for
instance was minimal throughout the watershed and there did not appear to be any
elevation features that warranted any particular attention. Inspection of aspect found that
a majority of slopes were in the class that would receive the least amount of sunshine,
which has the possibility of helping to retain soil moisture. Additionally, the dominance
of concave slope shapes in profile curvature implied that there were more areas of soil
gain than loss throughout the landscape. Finally, the tendency of tangential flow to
exhibit divergent behavior suggested a comparative disadvantage with respect to the
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formation of rills and consequently a decreased in rill erosion.
1.3.1 Flowpath Based Analysis (Hillsborough)
The sections below show results of flowpath analysis conducted using
Hillsborough watershed data. These results were also compared both within and amongst
the two study groups.
1.3.2.1 Results of Hillsborough Watershed Flowpath Analysis (Slope)
Table 41 shows results for the aerial distribution of percent slope in the
Hillsborough Watershed which was noticeably similar to Alafia. Again there were some
minimal representations in the higher classes, but DEMs once again found that greater
than 99 % of the total area of this watershed was home to minimal slope (i.e., 0 – 6%).
These results were supported cartographically (Figure 35), where this topographic
attribute was decidedly homogeneous across the landscape. Additionally, the percent
slope map showed representations in the higher classes were extremely localized and
seemed to implicate anthropogenic activities with their origin.
Table 41. Spatial Distribution of Percent Slope in the Hillsborough Watershed.
HILLSBOROUGH SLOPE DISTRIBUTION
PERCENT SLOPE

AREA (km2)

PERCENT COVERAGE (%)

0-6
7 - 12
13 - 18
19 - 24
25 - 30
31 - 36
37 - 42
43 - 47

1709.5
2.1
<1
<1
<1
<1
<1
<1

99.9
<1
<1
<1
<1
<1
<1
<1
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Figure 35. Percent Slope Map for the Hillsborough Watershed Using 3D Visualization.
1.3.2.2 Results of Hillsborough Watershed Flowpath Analysis (Aspect)
Table 42 shows results for the aerial composition of the Hillsborough watershed
according to slope aspect. These results were also very similar to the Alafia watershed
with approximately 40% of this basin having slopes facing anywhere from true north to
due east meanwhile. In addition, the remaining slopes were distributed about evenly
amongst the remaining aspect classes. Cartographic information (Figure 36) again
allowed for the same two inferences to be made with regards to the distribution and
nature of the low aspect areas. First, all aspect groups were heterogeneously distributed
across the landscape with only the “North – East” showing several areas of localization at
this scale. Second, the angular nature implied anthropogenic activities were major factor
regarding the amount and distribution of this dominant aspect class.
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Table 42. Spatial Distribution of Aspect in the Hillsborough Watershed.
HILLSBOROUGH ASPECT DISTRIBUTION
SLOPE FACE DIRECTION

AREA (km2 )

PERCENT COVERAGE (%)

NORTH - EAST
EAST - SOUTH
SOUTH - WEST
WEST - NORTH

681.0
346.4
367.9
316.3

39.8
20.2
21.5
18.5
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Figure 36. Aspect Map Showing Direction of Slope Face in the Hillsborough Watershed.
1.3.2.3 Results of Hillsborough Watershed Flowpath Analysis (Profile Curvature)
Table 43 shows results for the aerial distribution of profile curvature in the
Hillsborough Watershed was very similar to that found in its Group A partner. Spatial
analysis showed that over 40% of this drainage area was spatially dominated by concave
slopes and cartographic evidence (Figure 37) suggested these areas where
heterogeneously distributed throughout the landscape. Once again these conditions were
localized thus implicating anthropogenic influences.
With respect to the vertical component of overland flow, concave slopes have
been recognized as topological attributes characterized by: reduced flow velocity;
decreased runoff potential; and lower erosion/sediment transport potential.
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Table 43. Spatial Distribution of Profile Curvature in the Hillsborough Watershed.
HILLSBOROUGH PROFILE CURVATURE
CURVE SHAPE

SPATIAL COVERAGE (%)

CONVEX (ACCELERATION)
LINEAR
CONCAVE (DECELERATION)

28.1
30.3
41.5

Figure 37. Profile Curvature Map for the Hillsborough Watershed Using 3D
Visualization.
1.3.2.4 Results of Hillsborough Watershed Flowpath Analysis (Planform Curvature)
Table 44 displays results for the aerial distribution of planform curvature in the
Hillsborough Watershed. Comparisons of aerial coverage of these slope shapes showed
convex (e.g., divergent flow) exceeded concave (e.g., convergent flow) slopes in this
drainage basin (30.2% versus 24.3%), respectively. Cartographic evidence (Figure 38)
once again suggested these areas where heterogeneously distributed throughout the
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landscape with several being subject to anthropogenic influences.
As it pertained to tangential overland flow with this watershed, convex slopes
have been recognized as topological attributes characterized by: reductions in
channelization; decreased rill formation; and thus lower erosion/sediment transport
potential.
Table 44. Spatial Distribution of Planform Curvature in the Hillsborough Watershed.
HILLSBOROUGH PLANFORM CURVATURE
CURVE SHAPE

SPATIAL COVERAGE (%)

CONVEX (DIVERGENT FLOW)
LINEAR
CONCAVE (CONVERGENT FLOW)

30.2
45.5
24.3

Figure 38. Planform curvature map for the Hillsborough Watershed using 3D
Visualization.
1.3.2.5 Summary of Flowpath Analysis (Hillsborough)
Overall, flow conditions in the Hillsborough watershed were very similar to those
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of the Alafia and thus this basin was dominated by topographic conditions considered
less than conducive to soil erosion/transport and sedimentation processes. And while this
watershed did have a higher maximum slope gradient (47%) than the Alafia (24%),
greater than 99% of the watershed had slopes between 0 and 6%. Dominant aspect class
in this study area was once again “North – East” thus implying a prominence of slope
with comparatively lower evapotranspiration rates. Both of these prior topographical
attributes were considered in concert with a dominance of concave profile slope shapes,
the latter of which suggested there were more areas of soil gain than loss at the landscape
scale. Finally, as was the case with Alafia, tangential flow in the Hillsborough watershed
had a propensity towards divergent behavior, which implied a comparative disadvantage
with respect to the formation of rills and consequently a decreased in rill erosion.
1.3.3 Flow Path Based Analysis (Manatee)
The results below investigated some topographic attributes found within the
Manatee watershed. Like the prior basins, findings were compared within and amongst
groups A and B.
1.3.3.1 Results of Manatee Watershed Flowpath Analysis (Slope)
Table 45 shows results for the aerial distribution of percent slope in the Manatee
watershed which were comparable to that of Group A. More specifically, greater than 99
% of the total area of this watershed was home to minimal slope (i.e., 0 – 6%) and was
supported cartographically (Figure 39). Although this attribute was homogeneous across
the landscape; the percent slope map showed slight representation in the second lowest
class. The values were extremely localized and had shape characteristics suggesting

143

anthropogenic activities.

Table 45. Spatial Distribution of Percent Slope in the Manatee Watershed.
MANATEE SLOPE DISTRIBUTION
PERCENT SLOPE
0-6
7 - 12
13 - 18
19 - 24
25 - 30
31 - 36
37 - 42
43 - 47

2

AREA (km
868.4
<1
-

PERCENT COVERAGE (%)
100.0
<1
-

Figure 39. Percent Slope Map for the Manatee Watershed Using 3D Visualization.
1.3.3.2 Results of Manatee Watershed Flowpath Analysis (Aspect)
Table 46 shows results for the aerial composition of the Manatee watershed
according to slope aspect. The dominant aspect class (e.g., North – East) comprised just
over 34% of the total watershed area and had a more heterogeneous spatial distribution
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than Group A watersheds (Figure 40). This was noTable for two reasons: (1) this was
roughly 5% less than Group A; and (2) the two aspect classes with south facing slopes
saw a collective 5% increase when compared to the prior study areas. In other words,
Manatee watershed had 5% more of its drainage area allocated to slope areas that would
receive the most sunlight throughout the day when compared to Group A. Given
Florida’s tropical climate; these results raised the possibility that Manatee watershed may
have been slightly more vulnerable to photosynthetic influences. This is worth note when
recalling the importance of surface vegetation on the development of soils.
Table 46. Spatial Distribution of Aspect in the Manatee Watershed.
MANATEE ASPECT DISTRIBUTION
SLOPE FACE DIRECTION

AREA (km2 )

PERCENT COVERAGE (%)

NORTH - EAST
EAST - SOUTH
SOUTH - WEST
WEST - NORTH

296.8
197.3
196.1
178.1

34.2
22.7
22.6
20.5

Figure 40. Aspect Map Showing Direction of Slope Face in the Manatee Watershed.
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1.3.3.3 Results of Manatee Watershed Flowpath Analysis (Profile Curvature)
Table 47 shows results for the aerial distribution of profile curvature in the
Manatee Watershed was very similar to that found in Group A. Spatial analysis showed
that over 40% of this drainage area was spatially dominated by concave slopes. In
addition, not only did Manatee have the highest percentage of its area allocated to this
slope type, but it also had the highest percentage of its watershed comprised of convex
slopes associated with flow acceleration. Furthermore, cartographic evidence (Figure 41)
suggested these areas where heterogeneously distributed throughout the landscape. These
conditions collectively, left open the possibility of there being increased movement of
water and thus soils throughout the landscape.
Table 47. Spatial Distribution of Profile Curvature in the Manatee Watershed.
MANATEE PROFILE CURVATURE
CURVE SHAPE

SPATIAL COVERAGE (%)

CONVEX (ACCELERATION)
LINEAR
CONCAVE (DECELERATION)

31.0
25.7
43.3

146

Figure 41. Profile Curvature Map for the Manatee Watershed Using 3D Visualization.
1.3.3.4 Results of Manatee Watershed Flowpath Analysis (Planform Curvature)
Table 48 displays results for the aerial distribution of planform curvature in the
Manatee Watershed. Comparisons of aerial coverage of these slope shapes showed
convex (e.g., divergent flow) exceeded concave (e.g., convergent flow) slopes in this
drainage basin (30.8% versus 25.3%), respectively. Cartographic evidence (Figure 42)
once again suggested these areas where heterogeneously distributed throughout the
landscape. Therefore, as was the case with Group A this topological attribute would be
characterized in this basin by: reductions in channelization; decreased rill formation; and
thus lower erosion/sediment transport potential.
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Table 48. Spatial Distribution of Planform Curvature in the Manatee Watershed.
MANATEE PLANFORM CURVATURE
CURVATURE TYPE

SPATIAL COVERAGE (%)

CONVEX (DIVERGENT FLOW)
LINEAR
CONCAVE (CONVERGENT FLOW)

30.8
43.9
25.3

Figure 42. Planform Curvature Map for the Manatee Watershed Using 3D Visualization.
1.3.3.5 Summary of Flowpath Analysis (Manatee)
Results for flow conditions in the Manatee were very similar to those of both the
Alafia and Hillsborough watersheds. Much like those in Group A, this drainage basin was
characterized by; low slope; had a dominant aspect class of “North – East”; a prominence
of concave shaped profile slopes; and a inclination towards divergent tangential flow.
This Group B watershed did however, show one slight difference when compared to
Group A. More specifically, a 5% greater representation of aspect values ranging
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between 90º and 270º, or those receiving the greatest proportion of daily radiant energy.
This may have implications regarding photosynthetic, evapotranspiration and biomass
production processes occurring on these slopes; any and all of which no doubt influence
SOM concentrations and thus the flux of this material to surface waters via
sedimentation.
1.3.4 Flowpath Based Analysis (Peace)
The results below investigated topographic attributes found within the Peace
watershed. This area completed the two study groups and was compared in a manner
similar to the drainage basins.
1.3.4.1 Results of Peace Watershed Flowpath Analysis (Slope)
Table 49 shows results for the aerial distribution of percent slope in the Peace
watershed which were comparable to that Group A. More specifically, greater than 99 %
of the total area of this watershed was home to minimal slope (i.e., 0 – 6%) and was
supported cartographically (Figure 43). Although this attribute was homogeneous across
the landscape; the percent slope map showed slight representation in the second lowest
class. However, at this scale patterns were discernable patterns were not evident.
Table 49. Spatial Distribution of Percent Slope in the Peace Watershed.
PEACE SLOPE DISTRIBUTION
PERCENT SLOPE

AREA (km2)

PERCENT COVERAGE (%)

0-6
7 - 12
13 - 18
19 - 24
25 - 30
31 - 36
37 - 42
43 - 47

5371.2
2.9
<1
<1
<1
<1
<1
<1

99.9
<1
<1
<1
<1
<1
<1
<1
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Figure 43. Percent Slope Map for the Peace Watershed Using 3D Visualization.
1.3.4.2 Results of Peace Watershed Flowpath Analysis (Aspect)
Table 50 shows results for the aerial composition of the Peace watershed
according to slope aspect. The dominant aspect class (e.g., North – East) comprised 37%,
and while heterogeneous across the landscape (Figure 44) there did seemed to be several
localized areas that seemed to be influenced by anthropogenic activities. Additionally,
though not to the extent of Manatee, this watershed had a greater representation of the
two south facing aspect groups than Group A. Furthermore, given Peace watershed is
vastly greater than any of the other watersheds, a small percentage increase in these
classes has the potential to have more impact than in a smaller watershed. Therefore, it is
possible that like Manatee, Peace watershed may have also been more vulnerable to
photosynthetic influences.
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Table 50. Spatial Distribution of Aspect in the Peace Watershed.
PEACE ASPECT DISTRIBUTION
SLOPE FACE DIRECTION

AREA (km2)

PERCENT COVERAGE (%)

NORTH - EAST
EAST - SOUTH
SOUTH - WEST
WEST - NORTH

1989.2
1191.0
1178.5
1015.5

37.0
22.2
21.9
18.9

Figure 44. Aspect Map Showing Direction of Slope Face in the Peace Watershed.
1.3.4.3 Results of Peace Watershed Flowpath Analysis (Profile Curvature)
Table 51 shows results for the aerial distribution of profile curvature in the Peace
Watershed was very similar to that of the other study watersheds. Spatial analysis showed
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that over 40% of this drainage area was spatially dominated by concave slopes. Also, like
Manatee, the percentage of this watershed allocated to higher acceleration soil
contributing areas. In addition, when considered in conjunction with total watershed area,
Peace watershed was probably home to the largest area of sediment contributing slopes.
Furthermore, like Manatee, cartographic evidence (Figure 45) suggested these areas
where heterogeneously distributed throughout the landscape. These conditions
collectively, left open the possibility of there being increased movement of water and
thus soils throughout the landscape.
Table 51. Spatial Distribution of Profile Curvature in the Peace Watershed.
PEACE PROFILE CURVATURE
CURVE SHAPE

SPATIAL COVERAGE (%)

CONVEX (ACCELERATION)
LINEAR
CONCAVE (DECELERATION)

29.7
28.4
41.9
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Figure 45. Profile Curvature Map for the Peace Watershed Using 3D Visualization.
1.3.4.4 Results of Peace Watershed Flowpath Analysis (Planform Curvature)
Table 52 displays results for the aerial distribution of planform curvature in the
Peace Watershed. Comparisons of aerial coverage of these slope shapes showed convex
(e.g., divergent flow) exceeded concave (e.g., convergent flow) slopes in this drainage
basin (30.8% versus 25.3%), respectively. Cartographic evidence (Figure 46) once again
suggested these areas where heterogeneously distributed throughout the landscape.
Therefore, as was the case with the other watersheds this topological attribute would be
characterized in this basin by: reductions in channelization; decreased rill formation; and
thus lower erosion/sediment transport potential.
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Table 52. Spatial Distribution of Planform Curvature in the Peace Watershed.
PEACE PLANFORM CURVATURE
CURVATURE TYPE

SPATIAL COVERAGE (%)

CONVEX (DIVERGENT FLOW)
LINEAR
CONCAVE (CONVERGENT FLOW)

30.8
43.9
25.3
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Figure 46. Profile Curvature map for the Peace Watershed Using 3D Visualization.
1.3.4.5 Summary of Flowpath Analysis (Peace)
Results for flow conditions in the Peace did not exhibit any glaring differences
when compared to the other study watersheds. In general this basin was characterized by:
low slope; a dominant aspect class of “North – East”; a prominence of concave shaped
profile slopes; and a inclination towards divergent tangential flow. It shared an exception
with its Group B partner Manatee, in that it showed greater representation in aspect
values ranging between 90º and 270º.
1.3.4.6 Summary of Flowpath Analysis (Group A vs Group B)
Results of this analysis showed that groups A and B were spatially dominated by
the same attribute value classes: (slope): 0 – 6%; (aspect): North – East; (profile
curvature): concave/deceleration flow; and (planform curvature): convex/divergent flow.
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However, examination beyond just the dominant classes was able to recognize
dissimilarities between the two study groups. In particular, Group B watersheds had a
greater proportion of their total areas allocated to slopes shapes that are known to be
associated with sediment acceleration and divergent flow. Both of which imply greater
erosion potential, and thus increased soil contributions when compared to Group A. In
addition, Group B also had more of their slopes facing south. Given the position of these
watersheds on Florida’s landscape, these slopes would be subjected to greater
photosynthetic activity and thus suggesting the potential for increased biomass. When
considering Group B flowpath analysis results in concert, it seemed this study group had
a comparative advantage in not only source (i.e., soil and organic material), but also
transport (i.e., contributing slopes) potential.
1.4 LULC BASED ANALYSIS
The following sections are intended to examine relative LULC coverage for not
only individual watersheds, but also amongst Groups A & B. Additionally, water quality,
rainfall and discharge will be examined in conjunction with these LULC
characterizations in order to investigate any links between these factors.
1.4.1 Spatial Analysis of LULC Distribution
Results of LULC spatial analysis in both cartographic and tabular formats are
shown below. They were organized according to group (e.g., A or B) and study year (e.g.,
1999, 2004 & 2007) and were compared within and across the study groups.
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1.4.1.1 Spatial Analysis of LULC Distribution (Group A)
Spatial analysis results for the Group A (e.g., Alafia and Hillsborough) watersheds are
listed below for each of the study years.
1.4.1.1.1 Group A (1999)
Group A (e.g., Alafia and Hillsborough) FLUCCS level I LULC spatial
distribution results for study year 1999 are shown in Table 53. Cartographic analysis
(Figure 47) suggested that both watersheds were spatially dominated by the same two
LULC types, urban and agricultural. These maps also showed that the location (e.g.,
upstream/downstream) of these LULC classes were not consistent within the two
watersheds. The Alafia River had large urban areas located near its mouth and
headwaters, bisected by a large tract of land that was primarily agricultural. The
Hillsborough River was also subject to a noticeable presence of urban LULC nears its
mouth however; the distribution of urban and agricultural in the remainder of the
watershed was too heterogeneous to determine any spatial patterns.
Percent and aerial calculations (Table 53) supported the fact that both watersheds
had greater than 50% of their total area allocated to these two LULC types (Alafia:
74.1%, 802.7 km2; Hillsborough: 53.6%, 526.9 km2). While similar in this regard, Group
A watersheds differed in how these dominant LULCs were distributed within their
boundaries. Alafia (urban: 51.2%, 554.8 km2; agricultural: 22.9%, 247.9 km2) showed a
higher overall occurrence of urban LULC type when compared to its group counterpart
Hillsborough (urban: 25.2%, 247.5 km2; agricultural: 28.4%, 279.4 km2). However, this
was not the only noTable difference between the two watersheds. The third most
dominant LULC type in both watersheds was wetland, but Hillsborough (23.2%, 228.1
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km2) showed a higher incidence of these conditions than the Alafia (11.8%, 228.1 km2)
watershed.
Table 53. Spatial Distribution of LULC Group A, 1999.
Spatial Distribution of LULC 1999
Alafia Watershed

Spatial Distribution of LULC 1999
Hillsborough Watershed

FLUCCS Class

% Total
Area

Area
(km2 )

FLUCCS Class

% Total
Area

Area
(km2 )

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

51.2
22.9
1.5
8.6
2.5
11.8
0.3
1.1

554.8
247.9
16.1
93.5
27.2
128.2
3.3
11.8

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

25.2
28.4
8.7
10.8
1.8
23.2
0.2
1.6

247.5
279.4
85.3
106.5
17.9
228.1
2.2
16.0

Total

100.0

1082.7

Total

100.0

982.8
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Figure 47. Spatial Distribution of LULC Group A, 1999.
1.5.1.1.2 Group A (2004)
Group A (e.g., Alafia and Hillsborough) FLUCCS level I LULC spatial
distribution results for study year 2004 are shown in Table 54 and Figure 48.
Cartographic analysis (Figure 47) again suggested that both watersheds were spatially
dominated by the same two LULC types, urban and agricultural and similar to 1999, the
location (e.g., upstream/downstream) of these LULC classes were not consistent within
the two watersheds. Overall distribution patterns of these LULCs remained relatively
unchanged (e.g., Alafia: large urban areas located near its mouth and headwaters,
bisected by a large tract of primarily agricultural land; Hillsborough: noticeable presence
of urban LULC near its mouth with heterogeneous agricultural throughout the
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remainder).
Percent and aerial calculations (Table 54) again supported the fact that both
watersheds had greater than 50% of their total area allocated to these two LULC types
(Alafia: 71.4%, 773.3 km2; Hillsborough: 54.5%, 535.3 km2). However, Alafia showed a
slight decrease in the aerial coverage of these two LULCs, while Hillsborough exhibited
a slight increase. These differences were explained when the intra-boundary distributions
of these two LULCs were examined for the Alafia (urban: 52.3%, 566.8 km2;
agricultural: 19.1%, 206.5 km2) and Hillsborough (urban: 30.7%, 301.8 km2; agricultural:
23.8%, 233.5 km2) watersheds. Both watersheds experienced a simultaneous increase in
urban and reduction in agricultural LULC during the specified temporal period (e.g.,
1999 – 2004). In the Alafia watershed, the increase in urban area (approximately 10 km2)
was outpaced by the loss of agricultural (approximately 40 km2) resulting in a reduction
of dominance of these two LULCs in overall watershed composition. Although
Hillsborough watershed experienced a reduction in agricultural areas comparable to that
of the Alafia (approximately 45 km2), the addition of more than 50 km2 of lands
classified as urban caused this drainage basin to become more dominant in this group of
LULCs over that 5-year period.
Wetland coverage (Alafia: 10.5%, 113.7 km2; Hillsborough: 25.1%, 246.3 km2)
showed a different trend amongst the Group A watersheds. Spatial analysis intimated that
the Alafia watershed experienced a loss roughly 15 km2 of wetland conversely, and
perhaps surprisingly, the Hillsborough gained approximately 18 km2 wetland habitat
during the same period.
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Table 54. Spatial Distribution of LULC Group A, 2004.
Spatial Distribution of LULC 2004
Alafia Watershed

FLUCCS Class
URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL
Total

% Total
Area

Spatial Distribution of LULC 2004
Hillsborough Watershed

Area
(km2 )

52.3
19.1
1.4
8.3
2.4
10.5
4.7
1.3

566.8
206.5
15.3
90.3
25.6
113.7
50.4
14.5

100.0

1082.7

FLUCCS Class

% Total
Area

Area
(km2 )

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

30.7
23.8
6.6
10.0
2.1
25.1
0.1
1.8

301.8
233.5
65.2
97.9
20.2
246.3
0.5
17.7

Total

100.0

983.1

Figure 48. Spatial Distribution of LULC Group A, 2004.
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1.4.1.1.3 Group A (2007)
Group A (e.g., Alafia and Hillsborough) FLUCCS level I LULC spatial
distribution results for study year 2007 are shown in Table 55 and Figure 48.
Cartographic analysis (Figure 49) showed a continuation of the previous trend of Group
A being spatially dominated by the same two LULC types. Although the location (e.g.,
upstream/downstream) of these LULC classes was again inconsistent within the group,
(e.g., Alafia: large urban areas located near its mouth and headwaters, bisected by a large
tract of primarily agricultural land; Hillsborough: noticeable presence of urban LULC
near its mouth with heterogeneous agricultural throughout the remainder), cartographic
evidence suggested that increased urban LULC had begun to dominate the eastern portion
( upstream) of the Hillsborough watershed.
As with the previous temporal periods, (Table 55) shows that that both watersheds
again had greater than 50% of their total area allocated to either urban or agricultural
LULC (Alafia: 76.4%, 828.1 km2; Hillsborough: 54.7%, 537.2 km2). However as these
results showed, unlike 2004, both Alafia and Hillsborough experienced increases in the
aerial coverage of these two dominant LULCs. These differences were explained when
the intra-boundary distributions of these two LULCs were examined for the Alafia
(urban: 58.6%, 634.9 km2; agricultural: 17.8%, 193.2 km2) and Hillsborough (urban:
32.9%, 323.2 km2; agricultural: 21.8%, 214.0 km2) watersheds. Between 2004 and 2007,
Group A watersheds were home to a simultaneous increase in urban and reduction in
agricultural LULC.

However, unlike 2004, increases in urban areas (Alafia:

approximately 68 km2 and Hillsborough: approximately 21 km2) for both watersheds
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outpaced reductions in agricultural areas (Alafia: approximately 13 km2 and
Hillsborough: approximately 19 km2). These changes occurred at such a rate that as a
group, these two LULCs increased as it pertains to spatial coverage within and amongst
Group A.
Wetland coverage (Alafia: 10.6%, 114.3 km2; Hillsborough: 25.2%, 247.5 km2)
showed a similar trend amongst the Group A watersheds. Spatial analysis intimated that
both the Alafia and Hillsborough watersheds gained roughly 1 km2 of land designated as
wetland during that time period.
Table 55. Spatial Distribution of LULC Group A, 2007.
Spatial Distribution of LULC 1999
Alafia Watershed

Spatial Distribution of LULC 1999
Hillsborough Watershed

FLUCCS Class

% Total
Area

Area
(km2 )

FLUCCS Class

% Total
Area

Area
(km2 )

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

51.2
22.9
1.5
8.6
2.5
11.8
0.3
1.1

554.8
247.9
16.1
93.5
27.2
128.2
3.3
11.8

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

25.2
28.4
8.7
10.8
1.8
23.2
0.2
1.6

247.5
279.4
85.3
106.5
17.9
228.1
2.2
16.0

Total

100.0

1082.7

Total

100.0

982.8
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Figure 49. Spatial Distribution of LULC Group A, 2007.
1.4.1.2 Spatial Analysis of LULC Distribution (Group B)
Spatial analysis results for the Group B (e.g., Peace and Peace) watersheds are
listed below for each of the study years
1.4.1.2.1 Group B (1999)
Group B FLUCCS level I LULC spatial distribution results for study year 1999
are shown in Table 56 and Figure 49. Cartographic analysis (Figure 50) suggested that
both watersheds were clearly dominated by agricultural LULC. In addition, Group B
constituents each had large urban areas at the mouth of their major rivers. However, the
Peace River Watershed differed in that it was also home to an even larger expanse of
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urbanization near the headwaters of its river. Finally, the Manatee as well as the Peace
watershed also had noticeable areas of rangeland.
Similar to Group A, percent and aerial calculations for Group B (Table 56)
supported the fact that both watersheds had greater than 50% of their total area allocated
to urban and agricultural LULC (Manatee: 56.5%, 529.7 km2; Peace: 63.1%, 3806.4
km2). However, unlike their counterpart, Group B watersheds were spatially dominated
by agricultural LULC (Manatee: 38.4%, 360.3 km2; Peace: 43.4%, 2616.3 km2) with
urban (Manatee: 18.1%, 169.4 km2; Peace: 19.7%, 1190.1 km2) being the second most
represented cover type. The third most dominant LULC (e.g., wetland) showed similar
representation (Manatee: 13.1%, 123.2 km2; Peace: 15.7%, 943.6 km2) in both Group B
watersheds. Finally, rangeland was the third most cartographically evident LULC class,
(Manatee: 11.8%, 110.4 km2; Peace: 7.3%, 442.2 km2) ranking behind wetlands, as it
pertains to spatial coverage.

Table 56. Spatial Distribution of LULC Group B, 1999.
Spatial Distribution of LULC 1999
Manatee Watershed

Spatial Distribution of LULC 1999
Peace Watershed

FLUCCS Class

% Total
Area

Area
(km2 )

FLUCCS Class

% Total
Area

Area
(km2 )

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

18.1
38.4
11.8
10.9
5.9
13.1
0.2
1.6

169.4
360.3
110.4
102.5
55.2
123.2
1.8
14.6

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

19.7
43.4
7.3
9.0
4.1
15.7
0.1
0.6

1190.1
2616.3
442.2
541.4
249.0
943.6
8.3
35.8

Total

100.0

937.5

Total

100.0

6066.8
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Figure 50. Spatial Distribution of LULC Group B, 1999.

1.4.1.2.2 Group B (2004)
Group B FLUCCS level I LULC spatial distribution results for study year 2004
are shown in Table 57 and Figure 51. Much like 1999, cartographic analysis (Figure 50)
suggested that both watersheds were unmistakably dominated by agricultural and urban
LULC. The later more represented in 2004, when compared with 1999 results. As with
the previous study year, rangeland areas were also readily apparent in both watersheds.
2004 Group B results for percent and aerial calculations (Table 57) showed once again
that both watersheds had over 50% of their total area allocated to agricultural and urban
LULC

(Manatee: 57.1%, 535.6 km2; Peace: 63.4%, 3818.1 km2). However, both

166

watersheds experienced a simultaneous increase in urban (Manatee: 22.6%, 212.3 km2;
Peace: 21.7%, 1307.6 km2) and reduction in agricultural (Manatee: 34.5%, 323.3 km2;
Peace: 41.7%, 2510.5 km2) LULC during this period. Group B watersheds differed with
regards to their third most dominant LULC, which was once again wetland. Results
showed Manatee (13.0%, 121.5 km2) saw a slight decrease in wetland coverage, while
Peace (18.4%, 1109.3 km2) actually gained wetland area. Finally, the spatial distribution
of rangeland (Manatee: 11.6%, 121.5 km2; Peace: 6.2%, 1109.3 km2) showed both
watersheds had less of this LULC when compared to the prior study year.

Table 57. Spatial Distribution of LULC Group B, 2004.
Spatial Distribution of LULC 2004
Manatee Watershed

Spatial Distribution of LULC 2004
Peace Watershed

FLUCCS Class

% Total
Area

Area
(km2 )

FLUCCS Class

% Total
Area

Area
(km2 )

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

22.6
34.5
11.6
9.6
6.7
13.0
0.3
1.7

212.3
323.3
109.1
90.1
62.8
121.5
2.4
16.2

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

21.7
41.7
6.2
7.2
3.9
18.4
0.2
0.8

1307.6
2510.5
374.9
431.0
237.7
1109.3
9.6
45.4

Total

100.0

937.8

Total

100.0

6066.8
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Figure 51. Spatial Distribution of LULC Group B, 2004.
1.4.1.2.3 Group B (2007)
Group B (e.g., Manatee and Peace) FLUCCS level I LULC spatial distribution
results for study year 2007 are shown in Table 58 and Figure 52. Cartographic evidence
for this study year continued the trend of agricultural and urban LULC prominence
(Figure 51) with noticeable rangeland areas.
2007 Group B results for percent and aerial calculations (Table 58) continued to
show: greater than 50% of total area in each watershed being designated either
agricultural or urban (Manatee: 58.1%, 544.7 km2; Peace: 64.1%, 3817.7 km2); a
decrease in agricultural LULC (Manatee: 32.6%, 305.3 km2; Peace: 41.3%, 2458.4 km2);
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and an increase in urban LULC (Manatee: 25.5%, 239.4 km2; Peace: 22.8%, 1359.3 km2).
Additionally, Group B watersheds each exhibited a trend towards wetland loss (Manatee:
12.9%, 121.3 km2; Peace: 18.1%, 1081.2 km2) and rangeland (Manatee: 11.7%, 109.6
km2; Peace: 6.1%, 362.6 km2).
Table 58. Spatial Distribution of LULC Group B, 2007.
Spatial Distribution of LULC 2007
Manatee Watershed

Spatial Distribution of LULC 2007
Peace Watershed

FLUCCS Class

% Total
Area

Area
(km2 )

FLUCCS Class

% Total
Area

Area
(km2 )

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

25.5
32.6
11.7
8.3
7.0
12.9
0.1
1.9

239.4
305.3
109.6
78.1
65.7
121.3
0.6
17.7

URBAN
AGRICULTURE
RANGELAND
UPLAND FOREST
WATER
WETLANDS
BARREN
TRANS/COMM/UTIL

22.8
41.3
6.1
6.7
4.1
18.1
0.2
0.8

1359.3
2458.4
362.6
399.6
241.7
1081.2
9.1
47.2

Total

100.0

937.8

Total

100.0

6066.8
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Figure 52. Spatial Distribution of LULC Group B, 2007.
1.4.2 Summary of Spatial Analysis of FLUCCS Level I LULC

1999, 2004 AND 2007 spatial analysis results provided tabular and cartographic
evidence of similarities and differences between groups A and B. Individual watersheds
within each of the study groups were also home to unique to LULC changes. Figures 53,
54, 55 and 56 provide a graphical representation of these changes (% of total area) for the
Alafia, Hillsborough, Peace and Peace watersheds respectively. In addition, all four study
watersheds were alike in the fact that the two most dominant LULCs were either urban or
agriculture in each of the study years; however the two study groups exhibited polar
behavior as it pertains to the distribution of these LULCs. The most prevalent LULC in
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Group A was clearly urban conversely; a majority of Group B watersheds were classified
as agricultural.

It is important to note that each of the watersheds experienced a

simultaneous increase in urban/loss of agricultural lands during each temporal period
analyzed in this study. Additionally, one watershed from each group (e.g., Group A:
Hillsborough, Group B: Peace) actually showed evidence of a net wetland gain during the
same temporal period (e.g., 1999 – 2004). Finally, unique to Group B was the obvious
representation of rangeland areas, which showed a reduction in area at each study year.
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Figure 53. Relative Distribution of LULC, Alafia Watershed (1999, 2004 and 2007).
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Figure 54. Relative Distribution of LULC, Hillsborough Watershed (1999, 2004 and
2007).

Percent Areal Coverage
Manatee Watershed

Percentage of Total Area

70
60

1999

50
40

2004
30
20

2007
10
0

URB

AGI

RAN

UP F

H2 0

WET

BAR

TC U

Level 1 FLUCCS Class
Figure 55. Relative Distribution of LULC, Peace Watershed (1999, 2004 and 2007).
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Figure 56. Relative Distribution of LULC, Peace Watershed (1999, 2004 and 2007).
1.4.3 Comparison of Groups A & B LULC
The following sections utilize previous cartographic, along side graphical (% of
total area) interpretations of watershed spatial composition, to further emphasize LULC
patterns that exist between Groups A & B, at each study year.
1.4.3.1 Comparison of Groups A & B LULC (1999)
An alternative representation of LULC spatial coverage using cartographical and
graphical (e.g., % of total area) are shown in Figure 57. Consistent with prior results:
Group A watersheds were noticeably dominated first by urban and then by agricultural
LULC; and Group B were agriculturally dominant followed by urban; and wetland areas
accounted for the third most prevalent LULC.
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Figure 57. Comparative LULC Distribution for Watershed Groups A and B (1999).
1.4.2.2 Comparison of LULC Characteristics Groups A & B, (2004)
LULC spatial coverage using Cartographical and graphical (e.g., % of total area)
representations are shown in Figure 58. Consistent with prior results: Group A
watersheds were noticeably dominated first by urban and then by agricultural LULC; and
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Group B were agriculturally dominant followed by urban; wetland areas accounted for
the third most prevalent LULC; all watersheds increased in percentage of total area
allocated to urban LULC; and both Hillsborough and Peace watersheds saw an increase
in areas classified as wetlands.

Figure 58. Comparative LULC Distribution for Watershed Groups A and B (2004).
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1.4.2.3 Comparison of LULC Characteristics Groups A & B, (2007)
LULC spatial coverage using Cartographical and graphical (e.g., % of total area)
representations are shown in Figure 59. Dominant LULC coverage trends continued
between 2004 & 07: Group A watersheds were still dominated first by urban and then by
agricultural LULC; Group B were by agriculture followed by urban; and wetland areas
were once again the third most prevalent LULC in both groups.

Figure 59. Comparative LULC Distribution for Watershed Groups A and B (2007).
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1.5 ANALYSIS OF RAINFALL, DISCHARGE AND WATER QUALITY
This analysis sought to establish relationships between rainfall, discharge, LULC
and water quality measurements (e.g., AP & TSS). Results are shown as Figures with
cartographic information (i.e., either exaggerated DEM data or LULC rasters (reclassified
to FLUCCS level I) accompanied by graphical depictions (i.e., histograms for rainfall and
discharge & boxplots for water quality parameters) for each relevant data set.
1.5.1 Analysis of Rainfall and Discharge
The following sections provide results of rainfall and discharge analysis arranged
by drainage basin, then year. Results are depicted in graphical format along side a
cartographic representation utilizing exaggerated 30m DEM topographic data. It was
hoped that the former would highlight patterns of flow in reference to rainfall and
discharge; and the latter serving as a visual aid helping the reader conceptualize
morphological conditions present in each drainage basin.
1.5.1.1 Analysis of Rainfall and Discharge (Alafia)
The Alafia watershed was home to a single USGS gauge (02301500, Alafia River
near Lithia Florida) and thus both rainfall and discharge measurements were taken at the
same location, for each study year (Figure 60). Additionally, there appeared to be data
gaps (i.e., no recorded data) present in 1999, 2004 and 2007.
In 1999 for instance, no monthly discharge data was available at any point during
this 12 month period. Therefore, the only relationships that could be examined were those
between total monthly rainfall at the gauge, and average monthly rainfall for the entire
watershed. However, there was also a gap in total monthly rainfall data from January to
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May during this initial study year. From May to June the relationship between these two
rainfall measurements seemed to be for the most part direct. The watershed as a whole
saw a decrease in total rainfall between June and July, however rainfall at USGS
02301500 appear to remain relatively constant. The remaining months of 1999 showed
similar rainfall patterns amongst the two measurements, the lone and glaring exception
being the month of October. Graphical data shows that the month of October was home
to a noticeable decrease in watershed average monthly rainfall, accompanied by an even
more dramatic increase in total rainfall recorded at the USGS gauge. Barring any gauge
malfunctions, these results suggest that USGS 02301500 may have been subject to
significant localized rainfall activity, while the remainder of the Alafia watershed held to
tradition rainfall patterns (e.g., decrease in precipitation near the end and post rainyseason).
The first two months of 2004 (e.g., January and February) saw a decrease in both
watershed and gauge rainfall measurements in conjunction with a slight increase in
average monthly discharge (cfs). This divergence suggests a lag effect that may be
attributed to infiltration processes within the watershed. The remaining months showed
direct relationships amongst all measurements, the exception being a lack of available
discharge data between July and October.
Much like 2004, January and February graphical results for 2007 exhibited a lag
between rainfall and discharge measurements. An additional lag event was also present
from April – June during this same study year. All other recorded (Discharge data was
not available for June, and October – December) rainfall/discharge associations were
direct, when examined in this graphical format. Rainfall relationships (i.e., USGS
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02301500 vs. Watershed Average monthly) were direct: January – June; August –
September; and October – December. However, from June – July USGS 02301500
showed a decrease in rainfall, while the remainder of the watershed seemed to experience
quite an increase in total rainfall. Results from September – October exhibited this pattern
as well, although not to the same extent.
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Figure 60. Rainfall Discharge Relationship for Alafia Watershed (1999, 2004, & 2007).
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1.5.1.2 Analysis of Rainfall and Discharge (Hillsborough)
The Hillsborough watershed was more suited to the methods employed in this
analysis given it contained multiple USGS measuring stations (Figure 61). In this study,
USGS 02303330 (Hillsborough River at Morris Bridge near Thonotosassa, Florida) was
the furthest upstream gauge and was used to measure total monthly rainfall (in) in each of
the study years. Meanwhile, USGS 02304500 (Hillsborough River near Tampa, Florida)
was located closest to the mouth of the Hillsborough River and was used to obtain
average monthly discharge (cfs) for the same temporal periods. Data gaps were present in
each of the study years, USGS 02303330 for example, ceased to provide any rainfall
measurements after the month of June in the year 1999. Additionally, USGS 02304500
was missing several months of discharge measurements in each of the study years:
(1999): March – June, November & December; (2004): April, May & December; and
(2007): January – July, December.
Although 1999 rainfall and discharge data sets for Hillsborough watershed were
more robust when compared to the limited results posed by the Alafia, comparisons of
upstream gauge average monthly rainfall (in), total monthly watershed rainfall (in) and
average monthly discharge (cfs) were confined to the first two months (e.g., January &
February) of the study year. Worthy of note is that during this two month period, total
average monthly rainfall for the watershed showed a correlation to average monthly
discharge and average monthly rainfall for USGS 02303330 showed an inverse
relationship to the other two measurements. However, from February – May (when
measurements for USGS 02303330 ceased), gauge and total watershed average monthly
rainfall seemed to be identical. Finally, similar to the Alafia watershed there was an
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apparent lag effect with respect to rainfall and discharge. The former in this case was
present as average total monthly precipitation accumulation for the entire watershed.
2004 Hillsborough data sets were complete with reference to USGS 02303330
and entire watershed rainfall measurements. This was not the case for USGS 02304500
(no recorded measurements for the months of April, May & December) which was used
to measure average monthly discharge in the watershed. Results for total monthly rainfall
(USGS 02303330) and average monthly rainfall (Hillsborough watershed) showed a
strong direct relationship in all months with the exception of a three month period (July –
September). During this span, measurements at USGS 02303330 were typically lower
than the average rainfall totals for the remainder of the watershed. Similar to results for
all other watersheds with available discharge data, a lag effect was evident with respect to
the relationship between: discharge (USGS 02304500); gauge rainfall (USGS 02303330);
and averages throughout the drainage basin. Finally, it is important to note that the
magnitude of rainfall as well as discharge for this year far exceeded those of the other
two study years.
Much like 2004, rainfall data sets for the Hillsborough watershed in 2007 were
complete with reference to USGS 02303330 and entire watershed rainfall measurements.
USGS 02304500 discharge data were even more incomplete than the previous study year
given there was no recorded average monthly discharge at this gauge for 7 months
(January – July & December). Both watershed and USGS 02303330 rainfall data showed
a very strong direct relationship for all months in the study year. Additionally, a
rainfall/discharge lag was again evident where discharge data was available.
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Figure 61. Rainfall Discharge Relationship for Hillsborough Watershed (1999, 2004 &
2007).
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1.5.1.3 Analysis of Rainfall and Discharge (Manatee)
The Manatee watershed had a pair of gauges capable of measuring rainfall (USGS
02299950 Manatee River near Myakka Head) and discharge (USGS 023000095 Manatee
River at Rye Florida) (Figure 62). Due to the morphology of the Manatee River
(approximately a mile wide at the mouth) the furthest downstream gauge (intended to
measure discharge) is located near the geometric center of the watershed as opposed to
the river outlet located. This appeared to have an effect on results as it pertains to
rainfall/discharge relationships. However, these patterns were only evident in 2004 &
2007 because 1999 data provided by the USGS (e.g., total monthly rainfall at USGS
02299950 and discharge at USGS 023000095 were for the most part incomplete.
In 1999 Manatee watershed was void not only of any recorded discharge data,
but was also limited with respect to rainfall recorded at USGS 02299950, with the later
having data for half the study year (e.g., January – July). The only complete data set for
this temporal period was provided by SWFWMD (watershed average total monthly
rainfall). From what data was available, USGS 02299950 and average total monthly
watershed rainfall exhibited a seemingly inverse relationship for the first month of the
year (e.g., January - February). These two rainfall measurements did however show a
strong direct relationship for the remaining available study months (e.g., February –
July).
Results for Manatee watershed in 2004 were complete for all pertinent
measurements (e.g., total monthly rainfall at USGS 02299950, average monthly
discharge at USGS 023000095 and watershed average total monthly rainfall), and thus
allowed for comparisons at all intervals of this temporal period. Additionally, this
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drainage basin also seemed to be influenced by significant rainfall activity during this
period with the magnitude of each measurement exceeding those of the prior and
subsequent study years. Rainfall results for USGS 02299950 and the remainder of the
watershed showed direct relationships for to different periods during 2004 (e.g., January
– March & May – September), all other temporal intervals exhibited an indirect
relationship wit respect to these two rainfall measurements. Additionally, discharge
measured at USGS 023000095 showed a strong direct relationship for all months of the
year as it pertains to average monthly rainfall totals for the entire watershed. As such,
periods of indirect relationships for this measurement and USGS 02299950 were
identical to those in the rainfall comparisons (e.g., January – March & May – September).
Perhaps the most glaring difference between these results and all others presented to this
point in this analysis was the lack of lag effect between rainfall and discharge. However,
in the confines of these particular data sets, it is impossible to determine if this was a
result of runoff processes or simply gauge location.
Much like 1999, 2007 rainfall data (e.g., USGS 02299950 and average total
monthly watershed rainfall) appeared to have an inverse relationship during the first
months (e.g., January - February), while maintaining a strong direct relationship for the
remainder of the study year. Noticeable in the in these results, was the fact that average
monthly totals for USGS 02299950 outpaced those for the rest of the drainage basin. In
addition, discharge (USGS 023000095) results were again void of any lag effect and
showed a strong direct relationship with average total monthly watershed rainfall during
the entire study year.
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Figure 62. Rainfall Discharge Relationship for Manatee Watershed (1999, 2004 & 2007).
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1.5.1.4 Analysis of Rainfall and Discharge (Peace)
The Peace River Watershed had two USGS gauges capable of measuring rainfall
(USGS 02294650 Peace River at Bartow Florida) and discharge (USGS 02298202 Shell
Creek near Punta Gorda Florida) (Figure 63). For the most part this basin had complete
data sets for each study year, with several noTable exceptions in 1999.
1999 results for Peace watershed revealed that USGS 02294650 lacked rainfall
data for the first 5 months of the study year (e.g., January – May). During this study year,
two temporal periods (e.g., May – September & November – December) exhibited a
direct relationship as it pertains to rainfall measurements at the gauge and total average
monthly rainfall for entire watershed exhibited a direct relationship. Conversely, between
September and November these same measurements showed a very strong indirect
relationship. USGS 02298202 discharge data showed varying relationships to both sets of
rainfall data. January – February, May – July and September – December, were periods
where discharge seemed to have a rather direct relationship to USGS 02294650 and
average total rainfall for the entire basin. The period covering May – July was dissimilar
due the apparent presence of an indirect relationship. The period covering July –
September showed the most unique pattern in not only this watershed for this study year,
but for any watershed for any year. Rainfall for both the watershed and USGS 02294650
shared two peaks and valleys during this time however, discharge results for this period
consisted of one large single peak which seemed to cover both rainfall results (leading to
both a direct and indirect relationship between discharge and rainfall). Also, the
magnitude of discharge for the non-rainy season (i.e., November – May) was either on
par or less than that of either rainfall measurement. This was not the case during the rainy
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season (i.e., May – November) where the magnitude of discharge far exceeded that of
rainfall. These results suggested that the watershed is very responsive to rainfall and the
pulse-like nature of graphs for this time, implicated saturated overland as a major
contributor to discharge in this drainage basin.
Results for 2004 showed an indirect relationship between USGS 02294650 and
average total monthly rainfall for the first two months (e.g., January & February) of the
year. This trend was also present in the following temporal periods: June – July; August –
September; and November – December. Periods exhibiting a direct relationship for this
study year were: March – June; July – August; and November – December. Discharge
data for this study year almost uniformly seemed to be present in magnitudes greater than
rainfall totals for all of the dry season, and even two months of the rainy season (e.g.,
May – July). Discharge shared a direct relationship with USGS 02294650 (e.g., February
– March, July – August & September – November) and the watershed overall (January –
March & May – November). Finally, a pulse-like effect present during a majority of the
rainy season implicated saturated overland flow as a major contributor to waterways
within the drainage basin.
In the year 2007 USGS 02294650 average total monthly rainfall, average total
monthly rainfall within the watershed and USGS 02298202 discharge data all shared a
direct relationship for the period covering January – June. While this continued for the
watershed as a whole and discharge through the month of July, USGS 02294650 rainfall
measurements showed an indirect relationship when compared to the other two
measurements. Between July & August results showed juxtaposition as it pertained to
rainfall measurements. During this time USGS 02294650 shared a direct association with
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discharge, while average monthly totals throughout the watershed trended indirectly with
respect to the other measurements. Graphical interpretations during the months of August
& September showed both rainfall measurements having an indirect relationship to
USGS 02298202 average monthly discharge. From the month of September through the
remainder of the study year, all three measurements exhibited a fairly direct relationship.
In addition, like the prior study years, Peace River Watershed seemed to be responsive to
rainfall (e.g., saturated overland flow). Furthermore, as with Group A watersheds, 2007
discharge results (particularly during the rainy season) showed a lag effect when
compared to rainfall. Given that Group A watersheds are known to be Urban dominated,
and Peace watershed was subjected to significant urbanization during this period (see
LULC spatial analysis), it is quite possible that LULC within the watershed may have
contributed to this lag effect during this time.
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Figure 63. Rainfall Discharge Relationship for Peace Watershed (1999, 2004, 2007).
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1.5.1.5 Comparison of Groups A and B, Rainfall and Discharge
Results of this analysis suggested that differing dominant overland flow
conditions may have been present in groups A and B. In particular, the more urban Group
A watersheds seemed to be more subjected to direct runoff conditions, while the
agriculturally dominant Group B watersheds showed evidence of significant saturated
overland within its basins. Both conditions have implications with respect to
differentiating these two groups based on their potential to act as sediment sources. In the
context of this study, the direct runoff conditions prominent in Group A were associated
with impervious surfaces and their low organic contributions to in-stream environments.
Meanwhile, in Group B was suggested that saturated overland flow and its increased soil
water interaction would lead to increase sediment loadings in these areas.
The most noTable differences the graphical results revealed were: Group A
watersheds had an overall greater occurrence of direct rainfall/discharge relationships
than Group B; Group A’s direct relationships were longer in duration and showed more
seasonal variability than Group B; similar rainfalls often produced much less discharge
in Group B; this was true even for even the much larger Peace watershed; and finally,
Group B watersheds were frequently subject to a lag effect, whereby in some cases
months passed between increased monthly rainfall amounts and spikes in discharge rates.
These results support the possibility that the dominant runoff conditions present in Group
B watersheds, increase their potential to act as sediment sources when compared to
Group A. These would undoubtedly influence in-stream and coastal water quality, and
thus help explain some of the spatial variability with respect to the latter present in the
two study groups.
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1.5.2 Analysis of LULC, Rainfall and Discharge
Each watershed and study year is represented in combined cartographic (LULC)
and graphical (rainfall/discharge) results below. The benefit of which was the side by side
comparison of LULC and hydrographic conditions within the drainage areas. More
specifically, the examining LULC change in conjunction with both: average total
monthly rainfall measured throughout the watershed (blue dashed line); and average
monthly discharge (solid blue line).This was intended to assist in explaining how the
variation of LULC affected rainfall and discharge conditions in each of the study basins.
1.5.2.1 Analysis of LULC, Rainfall and Discharge (Alafia)
The lack of available discharge data for this watershed rendered results unfit for
establishing any viable explanation of LULU and rainfall/discharge relationships within
this watershed in 1999 (Figure 64). Additionally, data deficiencies were also present in
the 2004 as well as 2007. However, there were enough continuous rainfall and average
monthly discharge measurements to make a single inference regarding the association of
LULC change and rainfall/discharge.
The first 5 months (January – May) of 2004 & 2007 showed that average monthly
discharge measurements in the urban-dominated Alafia watershed seemed to be highly
responsive to relatively small rainfall amounts. In 2004 for instance, average total
monthly rainfall totals < 5” resulted in discharges > 300 cfs, These conditions persisted
into 2007, but were even more prominent, with similar rainfalls < 5” yielding
downstream average monthly discharges > 450 cfs.
In 2007, the inclusion of discharge data for a good portion (e.g., July – October)
allowed for insights with respect to saturated overland flow. Even though rainfall
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amounts for the months of June, July and August, were fairly constant (e.g.,
approximately 8”), discharge for this same period increased from roughly 225 cfs to
approximately 425 cfs. This suggested saturation excess conditions contributed to
Hortonian flow in the drainage area. Also of note was the fact that discharge
measurements for September and October, while decreasing (e.g., approximately 350 for
October), seemed to share a direct relationship with rainfall. This was similar to behavior
exhibited during time periods (i.e., dry season) when one would expect conditions below
field capacity to dominate soils throughout the watershed.
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Figure 64. LULC, Rainfall and Discharge Data for Alafia Watershed, 1999, 2004, &
2007.
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1.5.2.2 Analysis of LULC, Rainfall and Discharge (Hillsborough)
Results for LULU and rainfall/discharge relationships within Hillsborough
Watershed for each of the study years are shown in Figure 65. Each study year was
subject to periods where discharge data was absent. However, they were all represented
for a good portion the rainy season (i.e., at the peak of hydrologic activity).
1999 results for Hillsborough showed discharge measurements were recorded for
the months of June – October. Results showed that even with average rainfall
measurements of approximately 9” average monthly discharge in this basin for this year
peaked at roughly 150 cfs. These results implied that even though this drainage area was
dominated by urban LULC, there may have been enough permeable surfaces to inhibit
watershed response to rainfall (e.g., shortening of the hydrograph). Additionally, rainfall
and discharge seemed to experience a more direct relationship as saturated conditions
more prevalent, implicating saturation excess runoff as a contributor to discharge in this
area.
2004 discharge data was available for the entire year save the months of April,
May and December. Average measured rainfall amounts throughout the watershed for the
months of January – April were < 5” however, during this time average monthly
discharge peaked at < 200 cfs. When compared to 1999 (i.e., where approximately 9” of
average monthly rainfall only resulted a peak discharge of only 150 cfs), it appeared that
2004 showed an increase in watershed response to rainfall events. Additionally, given
2004 was a particularly rainy year, peak rainfall and discharge amounts far exceeded
those of the other two study years. Furthermore, this was where the change in hydrologic
conditions during this period was most evident. More specifically, rainfall measurements
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steadily increased from June – September and ranged from 10 – 15” with average
monthly discharge peaking at < 1600 cfs during the month of August. Also, this
discharge measurement coincided with a monthly average total rainfall of around 12”.
When compared to peak measurements from 1999 (e.g., average total measured rainfall =
approximately 9” and average monthly discharge = 150), results for 2004 showed an
increase of roughly 3” with respect to monthly average total rainfall (i.e., 25% increase)
culminating in a peak discharge over 90% greater than the prior study period. Two things
had to be considered when taking these results into account: (1) this temporal period
seemed to be subjected to unusually heavy rainfall events and (2) the data provided was
limited with regards as to whether the spike in discharge could be attributed to
urbanization (e.g., direct surface runoff) or the presence of pervious surfaces (e.g.,
saturation excess runoff).
2007 discharge data for Hillsborough Watershed for the purposes of this study
was confined to the months of July – November. Taking into account rainfall/discharge
graphs for this and the other study watersheds, it was assumed that the available months
were sufficient in capturing the peak discharge for this year. Interestingly enough, the
rainfall/discharge relationship for this year closely mimicked 1999 results. 2007 saw
approximate peaks of: 9” for monthly average total rainfall; and 150 cfs for average
monthly discharge.
A collective examination of all study years implicated rainfall amount as the
factor most influencing the nature of flow (i.e., directed runoff versus saturation excess
runoff) and consequently, which LULC cover types dominate surface flow. The latter of
which, being important with respect to the nature of terrestrial contributions to surface
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waters. According to the data, the only glaring difference between Hillsborough
Watershed in 2004 and the other years was a monthly average total rainfall. This left
open the possibility of saturated overland flow becoming a more willing contributor to
surface waters during those precipitation events.
Considering that 2004 results differed so dramatically from the other two study
years and both years performed in a noticeably similar manner; the amount of rainfall
was implicated as the determining factor driving 2004 results and thus provided insight
into the role and nature of saturated flow within the basin.
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Figure 65. LULC, Rainfall and Discharge Data for Hillsborough Watershed, 1999, 2004,
& 2007.
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1.5.2.3 Analysis of LULC. Rainfall and Discharge (Manatee)
A complete lack of discharge data for 1999 confined results investigating LULU
and rainfall/discharge relationships within Manatee Watershed to the years 2004 and
2007 (Figure 66). Fortunately, these years were fully represented with respect to
rainfall/discharge data.
Much like its nearest Group A neighbor Hillsborough, Manatee Watershed
appeared to be home to unusually high rainfall events during 2004. 2004 saw
approximate peaks of: 14” for monthly average total rainfall; and average monthly
discharge > 400 cfs for measured discharge. This stands in stark contrast when compared
to Hillsborough watershed’s peak rainfall/discharge data during this same study year. As
noted in section (1.5.2.2)/Figure (65), a monthly average total rainfall of 14” (as is the
case in Manatee) would coincide with a discharges in excess of 1500 cfs. Additionally,
like Hillsborough, data recorded during the rainy season showed evidence of saturation
excess runoff. However, the steepness of the peak discharge curve for Manatee
Watershed exhibit noticeably less rise and a variation of run when compared to
Hillsborough. Furthermore, peak discharged seemed to lag further behind peak rainfall
measurements for Manatee when comparing the two basins. Considering: Manatee
Watershed is known to be spatially dominated by more permeable LULC types (i.e., nonurban); the vast difference in discharge despite similar rainfalls (e.g., approximately 1100
cfs); the variation in peak discharge slope; and the apparent increase in lag time, 2004
results imply that the duration and extent of infiltration processes may have been greater
than its groups A counterpart.
2007 results showed a watershed that was highly responsive to rainfall despite
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relatively low peak rainfalls (i.e., approximately 8”) and discharge (i.e., approximately
100 cfs). However, when evaluating the magnitude of the latter measurement along side
the absence of any noticeable lag effect; these results seemed to support prior 2004
findings for both Hillsborough and Peace watersheds which implicated infiltration as a
dominant factor influencing the amount and nature of terrestrial contributions to aquatic
areas.
Overall, results for Peace watershed suggested this drainage area may have been
dominated by direct runoff during periods of low rainfall. However, this may have been
attribuTable to both, increased urbanization and the spatial persistence of highly
infiltrated LULC types. The former is known to shorten the time to peak hydrograph in a
drainage area. The latter, depending on field capacity, would effect overland water
contributions and thus available runoff.
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Figure 66. LULC, Rainfall and Discharge Data for Manatee Watershed, 1999, 2004, &
2007.
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1.5.2.4 Analysis of LULC, Rainfall and Discharge (Peace)

Peace was the only watershed in either group to have complete data sets for each
study year (Figure 67). This basin seemed to experience relatively high peak monthly
average total rainfall measurements in the years 1999 and 2004, while 2007 had
noticeably lower peak values for these measurements. Analyzing Peace watershed was
limited to comparing the basin against itself for each study year given the total area of
this watershed was greater than that of the other three study areas combined. This
advantage in contributing areas implied average monthly discharges for this basin may
have been disproportionate with respect to comparisons both within and amongst the
study groups.
1999 results for Peace watershed showed a watershed that was not all that
responsive to the small < 5” average monthly rainfall amounts during the first four
months of the year (January – May). However, right about the month of May when
average monthly rainfall throughout the watershed approached 10”, the relationship
between rainfall and discharge became more direct. This indicated that infiltration
processes may have dominated the watershed to that point in the year. Peak average
monthly rainfall (approximately 12”) occurred in June, while peak discharge
(approximately 1300 cfs) a month later (July).
Study year 2004 again saw a watershed that seemed to have limited discharge
response to rainfall from January – June. It was worth noting however that the extent of
these conditions seemed less than prior study year, suggesting that urbanization may have
increasing the impact of direct runoff. However, despite average monthly watershed
rainfalls > 10” for the months of May & June Peak monthly average rainfall
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(approximately 13”) and peak average monthly discharge (> 1800 cfs) were recorded in
July. This lag effect was indicative of infiltration processes finally giving way to
saturated excess runoff. Rainfalls > 10” continued through September as did average
monthly discharges > 1400 cfs. Additionally, as rainfall totals experienced a a drastic
drop after the month of September, so too did coinciding average monthly discharge
values. These findings further supported the idea of infiltration processes being
prominent in determining overland flow conditions within the drainage area.
2007 sustained previous assumptions regarding the infiltration/overland association
present in the drainage basin. This year saw much less monthly average rainfall (peak of
approximately 8”) and peak average monthly discharge (approximately 500 cfs) when
compared to the previous study years. These results implied that infiltration processes
may have dominated in during this period. Additionally, despite the lower rainfall
amounts the relationship between rainfall and discharge appeared to be more direct than
prior temporal periods. These latter results suggested that urbanization may have
increased enough to allow for direct runoff increase noticeably.
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Figure 67. LULC, Rainfall and Discharge Data for Peace Watershed (1999, 2004, &
2007).
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1.6.3 Analysis of LULC Characteristics and Water Quality (AP)
The following sections show results of comparisons for each study watershed’s
LULC (represented cartographically) and AP measurements (represent by box plots) for
the following temporal periods: 1999 vs. 2004, 2004 vs. 2007 and 1999 vs. 2007.
Additionally, each of these periods were further grouped into rainy (e.g., May – October)
and dry (e.g., November – April) seasons in accordance with the USGS water year. It was
hoped that a side-by-side comparison of these watershed conditions would assist in
drawing parallels amongst LULC and AP.
Tabular data in this analysis displays monthly average AP measurements, derived
from available daily AP measurements for all available sample sites within the watershed
in each of the study years. However, it is worth noting that the number of daily (i.e., how
many AP measurements were taken on a given date) and monthly (i.e., the available
number of sample days) were not consistent with respect to sample site, watershed or
study year.
Inconsistencies in year to year AP data limited the number of sites available for
temporal analysis. As such, the rainy and dry season box plots used in this study
represented only those gauges that had measured AP values in each study year. The data
described in the box plots was a resultant of all raw AP measurements available within
each of the seasonal constraints. Much like the tabular data, the numbers of AP samples
within the two defined seasons were also inconsistent with respect to gauge, watershed
and study year.
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1.6.3.1 Analysis of LULC Characteristics and Water Quality (AP) (Alafia)
1999, 2004 and 2007 average monthly AP measurements for all available sample
sites within the Alafia watershed are shown in Table 59. Rows in the Table 59 are shaded
in order to highlight rainy season data in each of the study years. As expected the highest
recorded monthly average AP measurements for the watershed in 1999 (August &
October: 140.0 PCU), 2004 (August: 256.0 PCU) and 2007 (October: 218.0 PCU) all
occurred during the rainy season. Likewise, the lowest average monthly AP
measurements for this basin in 1999 (March: 45.9 PCU) and 2004 (December: 71.0 PCU)
were present during the dry season. Study year 2007, proved to be the exception with this
value actually recorded during the rainy season (May: 71.1 PCU). When comparing these
values amongst the study years, average maximum and minimum AP values for 2004 and
2007 far exceeded those for 1999. This suggested the presence of some level of temporal
variation as it pertains to this water quality parameter.
Table 59. Summary of Average Monthly Apparent Color Data (PCU) for Alafia River
Sampling Sites.
Average Monthly Apparent Color (PCU)
Alafia
Month

1999

2004

2007

January
February
March
April
May
June
July
August
September
October
November
December

88.9
64.0
45.9
53.8
63.4
110.0
119.2
140.0
113.8
140.0
109.3
72.5

115.0
100.1
120.1
86.0
86.8
78.6
116.9
256.6
148.7
100.3
84.9
71.0

106.4
101.3
94.4
90.3
71.7
85.0
119.0
153.6
117.7
218.0
116.9
134.8
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1.6.3.1.1 Analysis of LULC and Water Quality (AP) (Alafia, 1999 – 2004)
Figure 68 displays summaries of rainy and dry season AP measurements taken at
the “Alafia @ Jameson Rd. (Lilly Bridge)” sample site, along side LULC coverage for
the study years 1999 and 2004. Comparison of rainy season box plots at this sample site
for both years yielded similar results for this portion of the water year. More specifically,
they exhibited a severe negative skew with the median (Approximately 75 PCU)
doubling as the lower quartile limit (LQL) of the interquartile range (IQR) and an upper
quartile limit (UQL) if roughly 150 PCU. Additionally, this later value was also the
maximum for each year, with a minimum of approximately 40 PCU present for both.
Dry season results for these two study years were also comparable, with normally
distributed data centered about a median AP value of roughly 50 PCU. Both years
showed a minimum of about 40 PCU with a maximum value (and extreme outlier) of 150
PCU.
Despite differences in median values and data distributions, comparison of rainy
and dry season results showed two noticeable similarities: (1) identical maximum values
and (2) similar minimum values. These results not only suggested that AP values in this
watershed were highly dependent on rainfall events but that these events have the
potential to facilitate material contributions to surface waters within the drainage basin.
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Figure 68. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP) for
Rainy and Dry Seasons, Alafia Watershed (1999 – 2004).
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1.6.3.1.2 Analysis of LULC and Water Quality (AP) (Alafia, 2004 – 2007)
Figure 69 displays summaries of rainy and dry season AP measurements taken at
the “Alafia @ Jameson Rd. (Lilly Bridge)” sample site, along side LULC coverage for
the study years 2004 and 2007. Unlike the previous temporal period, rainy season box
pots for 2004 and 2007 seemed to describe data sets that were divergent in several
respects. As it pertains to data distribution, the severe negative skew present in 2004
results was replaced by a relatively normal distribution in 2007. In addition, the rainy
season median value of roughly 125 PCU was approximately 40% higher than that in
2004 (i.e., approximately 75 PCU). The two years did have similar UQLs (approximately
150 PU) however, the IQR for 2007 was wider by virtue of a LQL (approximately 50
PCU) that was roughly 25 units less that its 2004 counterpart (75 PCU). Furthermore,
although both years had what amounted to the same minimum value (approximately 40
PCU), a maximum value in of 250 PCU in 2007 led to a far greater deviation of AP
measurements in this study year’s rainy season.
Dry season results for these two study years were seemed to exhibit a reversal of
fortune with respect to data distribution, with the normal distribution in 2004 being
opposed by the occurrence of a severe negative slew in 2007. The UQL value of 75 PCU
doubled as the maximum value in 2007 and was roughly 10 PCU higher than the prior
study year. So while dry seasons in each year shared a similar minimum value, 2007
shower a slightly wider IQR and greater standard deviation.
The observation of rainy and dry season results within the confines of study year
2007 showed some very distinct differences amongst the two seasons. Most notably, the
maximum rainy season AP measured was over three times greater than that of the dry.
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Not only that, the median value of the former was season maximum of 250 PCU
decreased to roughly 75 PCU during the dry season. Additionally, the median value of
the former was roughly 30% greater than even the maximum value of the later. Given
these two facts as well as the narrow distribution (lacking any outliers, extreme or
otherwise) in the dry season, two points regarding the role of rainfall and AP during 2007
came to light. The first was, rainfall was a major factor in determining AP concentrations
and this sample site and second, in 2007 Alafia watershed experienced very polar
behavior with respect to rainfall during the rainy and dry seasons.
Temporal analysis of AP taken at this sample site between 2004 and 2007 differed
when compared to the previous study period. 1999 and 2004 seemed to exhibit very
similar behavior with regards to AP in both the rainy and dry seasons. Conversely, 2004
and 2007 showed little if any consistencies in either season with respect to this water
quality parameter.
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Figure 69. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP) for
Rainy and Dry Seasons, Alafia Watershed (2004 – 2007).
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1.6.3.1.3 Analysis of LULC and Water Quality (AP) (Alafia, 1999 – 2007)
Figure 70 summarizes rainy and dry season AP measurements taken at the “Alafia
@ Jameson Rd. (Lilly Bridge)” sample site, along side LULC coverage for the initial
(1999) and concluding (2007) study years. Given the similarities between 1999 and 2004
data, observations and comparisons for the bookend study years were similar to the
previous period. Overall these results showed that during the entirety of this temporal
study, that as LULC changed to more urbanized coverage, AP values seemed to increase
over time.
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Figure 70. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP) for
Rainy and Dry Seasons, Alafia Watershed (1999 – 2007).
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1.6.3.2 Analysis of LULC Characteristics and Water Quality (AP) (Hillsborough)

1999, 2004 and 2007 average monthly AP measurements for all available sample
sites within the Hillsborough watershed are shown in Table 60. Rows in the Table 60 are
shaded in order to highlight rainy season data in each of the study years. All of the
highest recorded monthly average AP measurements for this watershed were recorded
during the rainy season: 1999 (July & August: 150.0 PCU), 2004 (October: 200.0 PCU)
and 2007 (August: 175.0 PCU). Minimum monthly AP averages for Hillsborough
watershed were found in both the rainy: 1999 (March, April & May: 30.0 PCU), 2004
(May & June: 30.0 PCU) and dry: 2007 (April: 20.0 PCU) seasons. It is worth noting
however, that in the month of May in 2007 had an average monthly of 22.5 PCU. This
meant that this watershed was very close to experiencing both its highest and lowest
average monthly AP values during its rainy season. Additionally, the distribution of
maximum values suggested AP concentrations were relatively consistent throughout the
entire study period.
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Table 60. Summary of Average Monthly Apparent Color Data (PCU) for Hillsborough
River Sampling Sites.
Average Monthly Apparent Color (PCU)
Hillsborough
Month

1999

2004

2007

January
February
March
April
May
June
July
August
September
October
November
December

40.0
75.0
30.0
30.0
30.0
40.0
150.0
150.0
100.0
75.0
40.0

40.0
100.0
120.0
60.0
30.0
30.0
100.0
120.0
120.0
200.0
150.0
80.0

55.0
35.0
30.0
20.0
22.5
50.0
60.0
175.0
105.0
125.0
65.0
25.0

1.6.3.2.1 Analysis of LULC and Water Quality (AP) (Hillsborough, 1999 – 2004)
Figure 71 displays summaries of rainy and dry season AP measurements taken at
the “Hillsborough River @ Fowler Ave.” sample site, along side LULC coverage within
Hillsborough watershed for study years 1999 and 2004. Comparison of rainy season box
plots for both years yielded diverging results for this portion of the water year with
respect to: distribution, median, maximum value, IQR and standard deviation of data
measurements. Measured AP values during the wet season appeared to be normally
distributed in 1999, while data for study year 2004 experienced a noticeable positive
skew. Additionally, the later study year had a median value of roughly 115 PCU, while
1999 seemed to be centered on the 100 PCU mark. The minimum rainy season values for
both study years seemed to be relatively consistent (right around 30 PCU), with this value
being the LQL in 2004 (with an UQL of roughly 115 PCU). Conversely, the maximum
value for study year 2004 (just above 200 PCU) was decidedly greater than that of 1999
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(150 PCU), which was coincidentally the UQL for that year. All of which resulted in a
wider IQR for study year 1999 and a larger standard deviation of data for study year
2004.
The description of AP data according to dry season box plots also highlighted
dissimilarities with respect to this water quality parameter amongst the two study years.
In 1999, this half of the water year exhibited a strong negative skew, with the minimum
(roughly 40 PCU) and the maximum (right around 75 PCU) values doubling as the LQL
and UQL respectively. In 2004, dry season AP data appeared to be normally distributed
with an UQL of approximately 125 PCU and a LQL right around 60 PCU. In addition,
this study year showed a far greater standard deviation than the previous study year, with
approximate minimum and maximum values of 45 PCU and 155 PCU respectively.
Comparison of rainy and dry season box plots within each of the study years
showed differences amongst the seasons as it pertains to AP. When going from rainy to
dry season, study year 1999 saw a noticeable reduction in maximum and median values,
coupled with a slight increase in minimum measured AP. Also, the change in season also
brought about a shift from a data set that was normally distributed to one exhibiting
noticeable negative skew. A similar comparison in 2004 also showed a reduction in
maximum and median values along side an increase in minimum values. Additionally,
opposition of the two seasons exhibited a shift in distribution, with the positively skewed
rainy season data becoming more normal during the dry season.
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Figure 71. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP) for
Rainy and Dry Seasons, Hillsborough Watershed (1999 – 2004).
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1.6.3.2.2 Analysis of LULC and Water Quality (AP) (Hillsborough, 2004 – 2007)

Figure 72 displays summaries of rainy and dry season AP measurements taken at
the “Hillsborough River @ Fowler Ave.” sample site, along side LULC coverage within
Hillsborough watershed for study years 2004 and 2007. Comparison of rainy season box
plots for both study years yielded similar results with respect to maximum values (200
PCU) but differed with respect to: minimum value; median; distribution; IQR; and
standard deviation of data measurements. 2007 saw a decrease in both minimum
measured AP (20 PCU) as well as LQL (25 PCU) when compared to the same season in
the prior study year. In addition, along with a decrease in median values to around 100
PCU, the 2007 rainy season was home to a considerably more normal distribution of data.
Furthermore, an UQL of roughly 160 PCU ensured that the IQR for this study was wider
than its predecessor. Finally, the lower minimum value for this season in 2007, coupled
with equal maximum values resulted in an overall larger standard deviation during this
temporal period.
Comparison of dry season box plots showed that 2004 and 2007 differed with
respect to: maximum, minimum and median values; distribution; IQR; and standard
deviation. When opposed to 2004, study year 2007 saw a decrease in maximum
(approximately

100

PCU),

minimum

(approximately

25

PCU)

and

median

(approximately 40 PCU) values. In addition, what was a normal distribution in 2004,
were extremely negatively skewed in 2007. Furthermore, an UQL of roughly 65 PCU and
a LQL of approximately 30 PCU yielded a considerably narrower IQR in the later study
year. Finally, the previously described maximum and minimum AP measurements also
resulted less deviation of data values in 2007.
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Intra-year comparisons of rainy versus dry season results for 2007 were similar to
that of 2004 with respect to all descriptors except distribution. More specifically, both
years saw a season to season reduction in: maximum AP; median AP; IQR; and standard
deviation, as well as an increase in minimum AP value. The lone exception, distribution,
was due to 2004 having a normal distribution in the dry season, while 2007 was
negatively skewed. Overall, comparison of seasonal changes amongst the two study years
suggested their magnitude was greater in 2007.
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Figure 72. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP) for
Rainy and Dry Seasons, Hillsborough Watershed (2004 – 2007).
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1.6.3.2.3 Analysis of LULC and Water Quality (AP) (Hillsborough, 1999 – 2007)
Figure 73 displays summaries of rainy and dry season AP measurements taken at
the “Hillsborough River @ Fowler Ave.” sample site, along side LULC coverage within
Hillsborough watershed for the initial and concluding study years of 1999 and 2007
respectively. Comparison of rainy season results for the two years showed that although
maximum AP and standard deviation increased in 2007, the median values and data
distributions seemed to be comparable. Also, these same data result patterns persisted
when opposing the dry seasons for each of these study years.
Overall these results suggested that the amount of materials deposited at this
sample site increased over the course of the study period. In addition, the larger
maximum, median, IQR and standard deviations present in the rainy seasons, couple with
the drastic decreases in all these variables during the dry seasons, implied that AP values
in the Hillsborough watershed were highly dependent on rainfall. Furthermore,
considering the distributions of 2004 were the opposite of the other two study years,
results suggested this study year was subject to atypical rainfall patterns, with respect to
the other years.
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Figure 73. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP) for
Rainy and Dry Seasons, Hillsborough Watershed (1999 – 2007).
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1.6.3.3 Analysis of LULC Characteristics and Water Quality (AP) (Manatee)
1999, 2004 and 2007 average monthly AP measurements for all available sample
sites within the Manatee watershed are shown in Table 61. Rows in the Table 61 are
shaded in order to highlight rainy season data in each of the study years. The highest
recorded monthly average AP measurements for this watershed were recorded during the
dry season in 1999 (February: 105.6 PCU) and the rainy season in 2004 (August: 142.7
PCU) and 2007 (October: 163.0). Noticeably, the minimum monthly AP average for the
years 1999 (September: 56.7 PCU), and 2007 (58.9 PCU) occurred in the rainy season,
with 2004 and its dry season minimum value (March: 65.5 PCU) being the exception.
These results were interesting considering 2004 was known to be a predominantly rainy
year. This suggested that perhaps average monthly AP measurements in this watershed
were influenced by particular outlying storm events.
Table 61. Summary of Average Monthly Apparent Color Data (PCU) for Manatee River
Sampling Sites.
Average Monthly Apparent Color (PCU)
Manatee
Month

1999

2004

2007

January
February
March
April
May
June
July
August
September
October
November
December

97.5
105.6
88.9
73.3
90.0
67.1
76.3
76.3
56.7
91.3
65.7
102.2

80.3
71.7
65.5
81.8
61.0
66.8
87.3
142.7
89.0
129.6
87.9
113.3

77.8
71.3
62.2
76.7
58.9
72.1
87.3
110.1
72.4
163.0
71.8
142.0

223

1.6.3.3.1 Analysis of LULC and Water Quality (AP) (Manatee, 1999 – 2004)
Prior to investigating actual AP measurements, initial 1999 and 2004 results for
Manatee watershed differed from results for the Group A watersheds (i.e., Alafia &
Hillsborough described above) simply by having more available sample sites covering
each study year.

Figure 74 displays summaries of rainy and dry season AP

measurements taken at the following sample sites: “Braden River”; “Braden River @
Linger Lodge”; “Braden River Near Loraine, Fl.”; “Cooper Creek”; “Braden River Near
I-75”; An Unnamed Sample site; “Braden River near Power Line”; and “Cedar Creek”,
along side LULC coverage within the Manatee watershed for study years 1999 and 2004
The subsequent text will provide comparisons of 1999 and 2004 inter-year rainy
season (i.e., 1999 versus 2004), inter-year dry season (i.e., 1999 versus 2004) and intrayear seasonal (i.e., 1999 rainy versus 1999 dry & 2004 rainy versus 2004 dry) AP
measurement results on a sample site to sample site (i.e., sample site 1 in 1999 versus
sample site 1 in 2004 or sample site 1 in 1999 rainy season versus sample site 1 1999 dry
season, etc.) basis. The following descriptors: maximum, minimum and median values;
standard deviation; distribution; and UQL, LQL and IQR, will be contrasted in a
sequential manner.
Inter-year analysis of the rainy season data found that the maximum rainy season
value at the “Braden River” sample site for 1999 (roughly 55 PCU) was far less than the
value (roughly 120 PCU) indicated in 2004 results. At the same time, the minimum value
for the 1999 (approximately 50 PCU) rainy season was actually greater than the
minimum value (approximately 45 PCU) recorded at this sample site in 2004.
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Additionally, the 1999 rainy season median AP value (also around 50 PCU) was
surpassed by the 2004 median of (approximately 80 PCU). These maximum and
minimum values led to a far greater standard deviation amongst AP measurements in
2004 when compared to 1999. The data distribution for this sample site in 1999 (severe
negative skew) exhibited a normal distribution in 2004. Recorded UQLs in 1999 (55
PCU) and 2004 (100 PCU), and LQLs in 1999 (50 PCU, which coincidentally doubled as
the median) and 2004 (60 PCU), led to a much wider IQR in the latter study year.
Inter-year analysis of the rainy season data found that the maximum rainy season
value at the “Braden River @ Linger Lodge” sample site for 1999 (roughly 55 PCU)
exceeded the maximum AP value (roughly 47 PCU) indicated in 2004 results. At the
same time, the minimum value for the 1999 (approximately 45 PCU) rainy season was
comparable to the minimum value (approximately 45 PCU) recorded at this sample site
in 2004. Additionally, the 1999 rainy season median AP value (around 52 PCU)
surpassed the 2004 median of (approximately 45 PCU). These maximum and minimum
values led to a far greater standard deviation amongst AP measurements in 1999 when
compared to 2004. The data distribution for this sample site in 1999 (slight positive
skew) exhibited a normal distribution in 2004. Recorded UQLs in 1999 (55 PCU) and
2004 (47 PCU), and LQLs in 1999 (45 PCU) and 2004 (35 PCU), led to a much wider
IQR in study year 1999.
Inter-year analysis of the rainy season data found that the maximum rainy season
value at the “Braden River near Loraine, Fl.” sample site for 1999 (roughly 47 PCU) was
exceeded by the maximum AP value (roughly 75 PCU) indicated in 2004 results. At the
same time, the minimum value for the 1999 (approximately 30 PCU) rainy season was
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less than the minimum value (approximately 40 PCU) recorded at this sample site in
2004. Additionally, the 1999 rainy season median AP value (around 45 PCU) was less
than the 2004 median of (approximately 65 PCU). These maximum and minimum values
led to a far greater standard deviation amongst AP measurements in 2004 when compared
to 1999. The data distribution for this sample site in both study years seemed to exhibit
relatively normal distributions. Recorded UQLs in 1999 (47 PCU) and 2004 (75 PCU),
and LQLs in 1999 (40 PCU) and 2004 (60 PCU), led to a much wider IQR in study year
2004.
Inter-year analysis of the rainy season data found that the maximum rainy season
value at the unnamed sample site for 1999 (roughly 200 PCU) was roughly twice that
recorded for this sample site (roughly 100 PCU) indicated in 2004 results. At the same
time, the minimum value for the 1999 (approximately 50 PCU) rainy season was greater
than the minimum value (approximately 45 PCU) recorded at this sample site in 2004.
Additionally, the 1999 rainy season median AP value (around 140 PCU) was far greater
than the 2004 median of (approximately 45 PCU). These maximum and minimum values
led to a far greater standard deviation amongst AP measurements in 1999 when compared
to 2004. The data distribution for this sample site in 1999 (slight positive skew) differed
when compared to 2004 (severe negative skew). Recorded UQLs in 1999 (175 PCU) and
2004 (70 PCU), and LQLs in 1999 (80 PCU) and 2004 (45 PCU, which was
coincidentally doubled as the median), led to a much wider IQR in study year 1999.
Inter-year analysis of the rainy season data found that the maximum rainy season
value at the “Braden River near Power Line” sample site for 1999 (roughly 80 PCU)
exceeded that (roughly 48 PCU) indicated in 2004 results. At the same time, the

226

minimum value for the 1999 (approximately 55 PCU) rainy season was greater than the
minimum value (approximately 40 PCU) recorded at this sample site in 2004.
Additionally, the 1999 rainy season median AP value (around 90 PCU) was greater than
the 2004 median of (approximately 50 PCU). These maximum and minimum values led
to a greater standard deviation amongst AP measurements in 1999 when compared to
2004. The data distribution for this sample site in 1999 (severe positive skew) differed
when compared to 2004 (very slight positive skew, if any). Recorded UQLs in 1999 (90
PCU which doubled as the median) and 2004 (48 PCU), and LQLs in 1999 (75 PCU) and
2004 (45 PCU) led to a much wider IQR in study year 1999.
Inter-year analysis of the rainy season data found that the maximum rainy season
value at the “Cedar Creek” sample site for 1999 (roughly 155 PCU) exceeded that
(roughly 90 PCU) indicated in 2004 results. At the same time, the minimum value for the
1999 (approximately 60 PCU) rainy season was greater than the minimum value
(approximately 45 PCU) recorded at this sample site in 2004. Additionally, both the 1999
and 2004 rainy season median AP values at this sample site were that same as the
minimum values in each of the study years. These maximum and minimum values led to
a greater standard deviation amongst AP measurements in 1999 when compared to 2004.
Both study years exhibited as severe negative skew with respect to data distribution.
Recorded UQLs in 1999 (150 PCU) and 2004 (70 PCU), and LQLs in 1999 (60 PCU)
and 2004 (45 PCU) led to a much wider IQR in study year 1999.
Inter-year analysis of the dry season data for this study period was confined to the
“Cooper Creek” sample site due to a lack of available data. As such the maximum AP
value for 1999 (roughly 100 PCU) was far less than the value (roughly 70 PCU) indicated
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in 2004 results. At the same time, the minimum value for the 1999 (approximately 30
PCU) dry season increased to roughly 40 PCU in 2004. Additionally, the 1999 dry season
median AP value (approximately 85 PCU) decreased to about 60 PCU in 2004. These
maximum and minimum values led to a greater standard deviation amongst AP
measurements in 1999 when compared to 2004. The data distribution for this sample site
in 1999 (slightly positive skew) exhibited a normal distribution in 2004. Recorded UQLs
in 1999 (100 PCU, which doubled as the median) and 2004 (70 PCU), and LQLs in 1999
(45 PCU) and 2004 (50 PCU), led to a wider IQR in study year 1999.
Much like the dry season inter-year comparison, seasonal intra-year AP
comparisons were also confined to the “Cooper Creek” sample site due to a lack of data.
When examining this sample site from the 1999 rainy to dry season there was an increase
in: maximum and median AP values; standard deviation and IQR. And while minimum
AP measurements seemed to remain constant the data distribution changed from an
extremely negative to an extremely positive skew. Examination of sample site 14 data
between 2004 rainy and dry seasons saw a decrease in: maximum and minimum AP
values; standard deviation; and IQR. In addition, it seemed that a shift in distribution
from severely negatively skewed to normal, resulted in an increase in median AP value
from the rainy to dry season.
Overall, while there were no patterns that were consistent when comparing all
available sample sites. However, it did appear that median values in the 2004 rainy
season were generally higher than those determined in 1999. Additionally, dry season
inter-year comparison showed that conditions remained fairly consistent from 1999 to
2004.
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Seasonal intra-year comparisons for both study years showed that maximum and
median AP values actually increased when going from the rainy to dry season. However,
given there were rainy season sample site values that far exceeded any dry season results,
suggested once again that the AP statistics present in this analysis were highly dependent
on rainfall events.
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Figure 74. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP) for
Rainy and Dry Seasons, Manatee Watershed (1999 – 2004).
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1.6.3.3.2 Analysis of LULC and Water Quality (AP) (Manatee, 2004 – 2007)

2004 and 2007 AP results for Manatee watershed differed from the previous study
period due to the fact that there was only one available sample site for each season (e.g.,
Rainy Season: “Braden River” & Dry Season: “Braden River near Power Line”) sample
site. Figure 75 displays summaries of comparison of these sample sites to those available
in 2004.
The following section outlines 2004 and 2007 inter-year results for the rainy and
dry seasons using the following descriptors: maximum, minimum and median values;
standard deviation; distribution; and UQL, LQL and IQR.
Inter-year analysis of the rainy season data found that the 2007 maximum rainy
season value at the “Braden River” sample site showed a noticeable increase to (roughly
250 PCU) over the course of this study period. At the same time, this temporal period
saw the minimum AP value at this sample site decrease to about 30 PCU. Additionally,
the median AP value for 2007 at sample site (approximately 105 PCU) showed a
considerable increase when opposed by the 2004 value. These maximum and minimum
values led to a far greater standard deviation amongst AP measurements in 2007 when
compared to 2004. The data distribution for this sample site in changed from a truly
normal to a slightly positive skewed distribution in 2007. The UQL (150 PCU) and LQL
(50 PCU) led to a greater IQR in 2007 than in was found in 2004.
Inter-year analysis of the dry season data found that the 2007 maximum dry
season value at the “Braden River near Power Line” sample site showed an increase to
(roughly 70 PCU) over the course of this study period. At the same time, this temporal
period saw the minimum AP value at this sample site increase to about 55 PCU.
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Additionally, the median AP value for 2007 at sample site (approximately 65 PCU)
showed an increase when opposed by the 2004 value. These maximum and minimum
values led to greater standard deviation amongst AP measurements in 2007 when
compared to 2004. The data distribution for this sample site in changed from severely
negatively skewed to a normal distribution in 2007. The UQL (70 PCU) and LQL (55
PCU) led to a slightly greater IQR in 2007 than in was found in 2004.
2004 seasonal intra-year AP comparisons were also confined to two available
sample sites (e.g., “Cooper Creek” sample site & “Braden River near Power Line”) due
to a lack of data. Results for seasonal comparison (i.e., going from rainy to dry season) of
“Cooper Creek” values during this study years yielded the following results: maximum
(75 PCU) and minimum (40 PCU) values decreased; median value (55 PCU) increased;
standard deviation decreased; distribution of data became normal; UQL increased to 75
PCU; LQL increased 50 PCU; and the overall IQR decreased. Additionally, the same
seasonal comparison examining “Braden River near Power Line” values had these
results: maximum (75 PCU) and minimum (48 PCU) and median (50 PCU) values
increased; standard deviation increased; distribution of data became severely negatively
skewed; both the UQL (55 PCU) and LQL (50 PCU) increased; while the overall IQR
remained relatively constant.
Overall, while there were no patterns that were consistent when comparing all
available sample sites within a particular study year. However, available median and
maximum values in the 2007 rainy season were higher than those determined in 2004.
Additionally, dry season inter-year comparison also showed that available median and
maximum were higher in 2007 than in 2004. It was not possible to perform seasonal
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intra-year AP comparisons in the study year 2007 due to a lack of common sample site
data amongst the two seasons.

Figure 75. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP)
for Rainy and Dry Seasons, Manatee Watershed (2004 – 2007).
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1.6.3.2.3 Analysis of LULC and Water Quality (AP) (Manatee, 1999 – 2007)
Figure 76 displays summaries of rainy and dry season AP measurements taken in
the Manatee watershed along side LULC coverage for the initial and concluding study
years of 1999 and 2007 respectively. These inter-year comparisons were confined to the
rainy season and the “Braden River” sample site alone, due to the lack of a common
sample site amongst the 1999 and 2007 study years. What available data did show was
that AP concentrations in the rainy season seemed increase over the duration of this
study.
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Figure 76. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP)
for Rainy and Dry Seasons, Manatee Watershed (1999 – 2007).
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1.6.3.4 Analysis of LULC Characteristics and Water Quality (AP) (Peace)
1999, 2004 and 2007 average monthly AP measurements for all available sample
sites within the Peace watershed are shown in Table 62. Rows in the Table 62 are shaded
in order to highlight rainy season data in each of the study years. The highest recorded
monthly average AP measurements for this watershed were recorded during the: rainy
season in 1999 (July: 117.5); and dry seasons in both 2004 (November: 67.4 PCU) and
2007 (November: 69.8). Coincidentally, minimum monthly AP average for the years
1999 (February: 32.7 PCU), 2004 (February: 7.7 PCU) and 2007 (February: 48.0 PCU)
all occurred in the same month of the dry season. These results showed that overall instream average monthly AP concentrations increased over the course of the study years.
However, that fact that the highest value was recorded during the initial study year, once
again pointed to a strong correlation between AP concentrations and rainfall.

Table 62. Summary of Average Monthly Apparent Color Data (PCU) for Peace River
Sampling Sites.
Average Monthly Apparent Color (PCU)
Peace
Month

199 9

2004

2007

January

32.8

11.0

62.8

February

32.7

7.7

48.0

March

55.4

21.7

60.9

April

45.8

26.5

65.0

May

42.3

40.2

62.4

June

41.6

56.9

59.8

July
August

117.5
45.0

39.8
39.8

62.4
67.3

September

70.9

40.1

62.7

October

34.0

37.2

67.3

November

33.0

67.4

69.8

December

26.6

40.6

60.5
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1.6.3.4.1 Analysis of LULC and Water Quality (AP) (Peace, 1999 – 2004)
Much like its Group B counterpart, Peace watershed had multiple combinations of
sample sites available for rainy and dry season inter-year and intra-year comparisons.
Figure 77 displays summaries of 1999 and 2004 rainy and dry season AP measurements
taken at the following sample sites: “Lake Gibson”; “Lake Crago”; “Lake Parker”; “Lake
Mirror”; “Lake Holloway”; and “Lake Hollingsworth”, along side LULC coverage within
the Peace watershed for the same study years.
As with the previous analyses the subsequent text will provide inter-year rainy
and dry season as well as intra-years rainy and dry season comparisons. In addition, they
were once again based on the following descriptors in a sequential manner: maximum,
minimum and median values; standard deviation; distribution; and UQL, LQL and IQR.
It is important to note that due to a limited of samples (i.e., total number of samples taken
during the season) at several stations, values shown for this season in the year 1999
represent the: maximum; minimum; median; UQL; and LQL, while being void of an IQR
or standard deviation.
Inter-year analysis of the rainy season data at the “Lake Gibson” sample site
found: the 1999 maximum (60 PCU) was far exceeded by that 2004 (125 PCU); the
minimum in 1999 (30 PCU) increased to (70 PCU) in 2004; the 1999 median (48 PCU)
was also far less than 2004 (90 PCU); the 1999 UQL (60 PCU), LQL (30 PCU) and IQR
(30 PCU), were all less than the same descriptors in 2004 (125 PCU), (70 PCU) and (75
PCU), respectively; the 1999 standard deviation (30 PCU) was augmented to (75 PCU);
while the distribution for both years was (normal).
Inter-year analysis of the rainy season data at the “Lake Crago” sample site found:
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the 1999 maximum (30 PCU) was far exceeded by that 2004 (70 PCU); the minimum in
1999 (30 PCU) decreased to (2 PCU) in 2004; and the 1999 median (30 PCU) saw a
slight increase to (35 PCU) in 2004. Due to limited sample size, information regarding:
UQL; LQL; IQR; standard deviation; and distribution were not available at this sample
site in 1999. 2004 had ample data to decipher: UQL (70 PCU); LQL (2 PCU); IQR (68
PCU); standard deviation (68 PCU); along with a (normal) distribution.
Inter-year analysis of the rainy season data at the “Lake Parker” sample site
found: the 1999 maximum (40 PCU) was far exceeded by that 2004 (75 PCU); the
minimum in 1999 (30 PCU) increased to (42 PCU) in 2004; the 1999 median (35 PCU)
was also far less than 2004 (55 PCU); the 1999 UQL (40 PCU), LQL (30 PCU) and IQR
(10 PCU), were all less than the same descriptors in 2004 (75 PCU), (42 PCU) and (33
PCU), respectively; the 1999 standard deviation (10 PCU) was augmented to (33 PCU);
while the distribution for both years was (normal).
Inter-year analysis of the rainy season data at the “Lake Mirror” sample site
found: the 1999 maximum (30 PCU) was exceeded by that 2004 (38 PCU); the minimum
in 1999 (25 PCU) decreased to (8 PCU) in 2004; the 1999 median (28 PCU) was
comparable to 2004 (27 PCU); the 1999 UQL (30 PCU), LQL (5 PCU) and IQR (5
PCU), were all less than the same descriptors in 2004 (38 PCU), (8 PCU) and (30 PCU),
respectively; the 1999 standard deviation (5 PCU) was augmented to (30 PCU); while the
distribution for both years was (normal).
Inter-year analysis of the rainy season data at the “Lake Holloway” sample site
found: the 1999 maximum (32 PCU) was far exceeded by that 2004 (72 PCU); the
minimum in 1999 (32 PCU) decreased to (1 PCU) in 2004; and the 1999 median (32
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PCU) increased to (40 PCU) in 2004. Due to limited sample size, information regarding:
UQL; LQL; IQR; standard deviation; and distribution were not available at this sample
site in 1999. 2004 had ample data to decipher: UQL (72 PCU); LQL (1 PCU); IQR (71
PCU); standard deviation (71 PCU); along with a (normal) distribution.
Inter-year analysis of the rainy season data at the “Lake Hollingsworth” sample
site found: the 1999 maximum (40 PCU) was equaled by that of 2004 (40 PCU); the
minimum in 1999 (35 PCU) decreased to (25 PCU) in 2004; the 1999 median (38 PCU)
was also equaled in 2004 (38 PCU); the 1999 UQL (40 PCU) was consistent with that of
2004 (40 PCU); the 1999 LQL (35 PCU) decreased to (25 PCU) in 2004; while the 1999
IQR (5 PCU) was exceeded by that of 2004 (15 PCU); finally, the 1999 standard
deviation (5 PCU) was augmented to (15 PCU) with the presence of a (normal)
distribution in both study years.
Inter-year analysis of the dry season data at the “Lake Gibson” sample site found:
the 1999 maximum (70 PCU) was less than that of 2004 (60 PCU); the minimum in 1999
(52 PCU) saw a slight decrease to (50 PCU) in 2004; the 1999 median (30 PCU) was less
than 2004 (55 PCU); the 1999 UQL (70 PCU) was greater than that of 2004 (60 PCU);
the 1999 LQL (52 PCU) decreased to (50 PCU) in 2004; while the 1999 IQR (18 PCU)
exceeded that of 2004 (10 PCU); finally, the 1999 standard deviation (18 PCU) was
decreased to (10 PCU) with the presence of a (normal) distribution in both study years.
Inter-year analysis of the dry season data at the “Lake Crago” sample site found:
the 1999 maximum (54 PCU) was greater than that of 2004 (48 PCU); the minimum in
1999 (30 PCU) increased to (38 PCU) in 2004; the 1999 median (48 PCU) was slightly
greater than 2004 (42 PCU); the 1999 UQL (54 PCU) decreased to (48 PCU); the 1999
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LQL (30 PCU) increased to (38 PCU) in 2004; while the 1999 IQR (24 PCU) exceeded
that of 2004 (10 PCU); finally, the 1999 standard deviation (24 PCU) was diminished to
(10 PCU) in 2004, with the presence of a (normal) distribution in both study years.
Inter-year analysis of the dry season data at the “Lake Parker” sample site found:
the 1999 maximum (48 PCU) was exceeded by that 2004 (52 PCU); the minimum in
1999 (25 PCU) saw a noTable decrease to (5 PCU) in 2004; the 1999 median (30 PCU)
increased to (38 PCU) in 2004; the 1999 UQL (48 PCU) increased to (52 PCU) in 2004;
the LQL in 1999 (25 PCU) decreased to (5 PCU); this resulted with in a lower IQR in
1999 (23 PCU) than in 2004 (47 PCU); while the 1999 standard deviation (23 PCU) was
augmented to (47 PCU); while the distribution for both years was (normal).
Inter-year analysis of the dry season data at the “Lake Mirror” sample site found:
the 1999 maximum (78 PCU) far exceeded that of 2004 (20 PCU); the minimum in 1999
(20 PCU) decreased to (8 PCU) in 2004; the 1999 median (30 PCU) was twice that of
2004 (15 PCU); the 1999 UQL (48 PCU) was far greater than 2004 (20 PCU); the 1999
LQL (20 PCU) was much greater than 2004 (8 PCU); the IQR (28 PCU) of the former
was more than double the latter study year (12 PCU); additionally, the 1999 standard
deviation (28 PCU) was also much greater than 2004 (12 PCU), while the distribution
was (normal) for both study years.
Inter-year analysis of the dry season data at the “Lake Holloway” sample site
found: the 1999 maximum (55 PCU) was greater than that of 2004 (48 PCU); the
minimum in 1999 (40 PCU) saw a slight decrease to (38 PCU) in 2004; the 1999 median
(48 PCU) was greater than 2004 (42 PCU); the 1999 UQL (55 PCU) was greater than that
of 2004 (48 PCU); the 1999 LQL (40 PCU) decreased to (38 PCU) in 2004; while the
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1999 IQR (15 PCU) exceeded that of 2004 (10 PCU); finally, the 1999 standard deviation
(15 PCU) was decreased to (10 PCU) with the presence of a (normal) distribution in both
study years.
Inter-year analysis of the dry season data at the “Lake Hollingsworth” sample site
found: the 1999 maximum (30 PCU) far exceeded that of 2004 (6 PCU); the minimum in
1999 (25 PCU) decreased to (4 PCU) in 2004; the 1999 median (27 PCU) was far greater
than in 2004 (3 PCU); the 1999 UQL (30 PCU), LQL (25 PCU) and IQR (5 PCU), were
all greater than the same descriptors in 2004 (6 PCU), (4 PCU) and (2 PCU),
respectively; the 1999 standard deviation (5 PCU) was slightly larger than 2004 (2 PCU);
while the distribution changed from a (slightly negative skew) to a (normal) distribution
over the course of this study period.
2004 intra-year seasonal AP comparisons (i.e., from the rainy to dry season)
resulted in the following: “Lake Gibson” : maximum (decreased); minimum (increased);
median (decreased); distribution (remained normal); standard deviation (decreased); and
IQR (decreased); “Lake Crago” : maximum (decreased); minimum (increased); median
(decreased); distribution (remained normal); standard deviation (decreased); and IQR
(decreased); “Lake Parker” : maximum (decreased); minimum (decreased); median
(decreased); distribution (remained normal); standard deviation (decreased); and IQR
(decreased); “ Lake Holloway” : maximum (decreased); minimum (increased); median
(decreased); distribution (remained normal); standard deviation (decreased); and IQR
(decreased); “ Lake Hollingsworth” : maximum (decreased); minimum (decreased);
median (decreased); distribution (remained normal); standard deviation (decreased); and
IQR (decreased).
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1999 and 2004 seasonal intra-year AP comparisons were conducted comparing
rainy season to dry season results with a given study year and are presented below in the
following format: Sample site; maximum (increase/decrease/no change); minimum
(increase/decrease/no change); median (increase/decrease/no change); distribution
(change/no change); standard deviation (increase/decrease/no change); and IQR
(increase/decrease/no change).
1999 intra-year seasonal AP comparisons (i.e., from the rainy to dry season)
resulted in the following: “Lake Gibson” : maximum (increased); minimum (increased);
median (decreased); distribution (no change); standard deviation (decreased); and IQR
(decreased); “Lake Crago” : maximum (increased); minimum (constant); median
(increased); distribution (N/A); standard deviation (N/A); and IQR (N/A); “Lake Parker”
: maximum (increased); minimum (decreased); median (increased); distribution (no
change); standard deviation (increased); and IQR (increased); “ Lake Mirror” : maximum
increased); minimum (decreased); median (increased); distribution (no change); standard
deviation (increased); and IQR (increased); “ Lake Holloway” : maximum (increased);
minimum (increased); median (increased); distribution (N/A); standard deviation (N/A);
and IQR (N/A); “ Lake Hollingsworth” : maximum (decreased); minimum (decreased);
median (decreased); distribution (no change); standard deviation (no change); and IQR
(no change).
2004 intra-year seasonal AP comparisons (i.e., from the rainy to dry season)
resulted in the following: “Lake Gibson” : maximum (decreased); minimum (decreased);
median (decreased); distribution (no change); standard deviation (decreased); and IQR
(decreased); “Lake Crago” : maximum (decreased); minimum (increased); median
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(increased); distribution (no change); standard deviation (decreased); and IQR
(decreased); “Lake Parker” : maximum (decreased); minimum (decreased); median
(decreased); distribution (no change); standard deviation (increased); and IQR
(increased); “ Lake Mirror” : maximum (decreased); minimum (no change); median
(decreased); distribution (no change); standard deviation (decreased); and IQR
(decreased); “ Lake Holloway” : maximum (decreased); minimum (increased); median
(increased); distribution (no change); standard deviation (decreased); and IQR
(decreased); “ Lake Hollingsworth” : maximum (decreased); minimum (decreased);
median (decreased); distribution (no change); standard deviation (decreased); and IQR
(decreased).
Overall, inter-year comparisons of 1999 and 2004 exhibited some diverging
behavior when observed at the seasonal scale. In particular, maximum values for the
rainy season showed noticeable increases between the two years at all but one study
sample site (e.g., “Lake Hollingsworth” ), whose highest AP concentration was the same
in both study years. Conversely, dry season results showed decreases in maximum AP
concentrations at all sample sites except “Lake Parker”

which increased, but only

slightly. It is important to note that these conditions were typical as was evident by the
median values at each sample site following the exact same year to year pattern.
Results of intra-year analyses for the rainy and dry seasons in both 1999 and 2004
also allowed for the differentiation of the two years based on maximum AP values. In
1999 for instance, maximum AP values for every sample site except the “Lake
Hollingsworth” were surprisingly higher during the dry season when compared to the
rainy season of that same year. 2004 results were more expected with an across the board
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reduction in maximum AP concentrations during the dry season. However, when the
median AP values were seasonally isolated, both study years exhibited the same
behavior. More specifically, 50% of the sample sites in each study year saw a reduction
in median AP concentrations during the dry season, while the other half experienced
increases in this same value.
While these results did show some variability with respect to yearly and seasonal
AP concentrations, comparisons of each with the concluding study (e.g., 2007) were
necessary to draw any conclusions as to the cause of these inconsistencies.
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Figure 77. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP)
for Rainy and Dry seasons, Peace Watershed (1999 – 2004).
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1.6.3.4.2 Analysis of LULC and Water Quality (AP) (Peace, 2004 – 2007)
Figure 78 displays summaries of 2004 and 2007 rainy and dry season AP
measurements taken at the following sample sites: “Lake Gibson”; “Lake Crago”; “Lake
Parker”; “Lake Mirror”; “Lake Holloway”; and “Lake Hollingsworth”, along side LULC
coverage within the Peace watershed for the same study years.
As with the previous analyses the subsequent text will provide inter-year rainy
and dry season as well as intra-year rainy and dry season comparisons. In addition, they
were once again based on the following descriptors in a sequential manner: maximum,
minimum and median values; standard deviation; distribution; and UQL, LQL and IQR.
Inter-year comparisons of the rainy season AP measurements taken at the “Lake
Gibson” sample site found that the maximum (55 PCU), minimum (50 PCU) and median
(52 PCU) all decreased in 2007. Additionally, a reduction in UQL (55 PCU) and LQL
(50 PCU) both lead to a smaller IQR (5 PCU) during this year. Furthermore, standard
deviation decreased to (5 PCU), while maintaining a (normal) distribution.
Inter-year comparisons of the rainy season AP measurements taken at the “Lake
Crago” sample site found that the maximum (72 PCU), minimum (72 PCU) and median
(72 PCU) all decreased in 2007. However, due to limited sample size, the descriptors:
UQL; LQL; IQR; standard deviation; and distribution were indiscernible.
Inter-year comparisons of 2007 rainy season AP measurements taken at the “Lake
Parker” sample site found that the maximum (54 PCU) and median (50 PCU) values both
decreased, while the minimum value (48 PCU) increased. In addition, the UQL (54 PCU)
decreased, alongside an increasing LQL (48 PCU) which resulted in a smaller IQR (6
PCU). Furthermore, the standard deviation for this year (6 PCU) was less than 2004,
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while the distribution remained (normal).
Inter-year comparisons of the rainy season AP measurements taken at the “Lake
Mirror” sample site found that the maximum (60 PCU), minimum (55 PCU) and median
(58 PCU) all increased in 2007. Additionally, increases in UQL (60 PCU) and LQL (55
PCU) both lead to a smaller IQR (5 PCU) during this year. Furthermore, standard
deviation decreased to (5 PCU), while maintaining a (normal) distribution.
Inter-year comparisons of 2007 rainy season AP measurements taken at the “Lake
Holloway” sample site found that the maximum (70 PCU) decreased in 2007, while the
minimum (70 PCU) and median (70 PCU) both increased. However, due to limited
sample size, the descriptors: UQL; LQL; IQR; standard deviation; and distribution were
indiscernible.
Inter-year comparisons of 2007 rainy season AP measurements taken at the “Lake
Hollingsworth” sample site found that the maximum (48 PCU), minimum (48 PCU) and
median (48 PCU) values all increased during this period. Once again however, due to
limited sample size, the descriptors: UQL; LQL; IQR; standard deviation; and
distribution were indiscernible.
Inter-year comparisons of 2007 dry season AP measurements taken at the “Lake
Gibson” sample site found that the maximum (80 PCU) increased during this year. At the
same time, the minimum (42 PCU) decreased while the median (55 PCU) remained
constant. In addition, simultaneous increases in UQL (80 PCU) and LQL (42 PCU)
resulted in a wider IQR (38 PCU) during this study period. Finally, standard deviation
(38 PCU) also increased while the distribution remained (normal).
Inter-year comparisons of the dry season AP measurements taken at the “Lake
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Crago” sample site found that the maximum (55 PCU), minimum (50 PCU) and median
(55 PCU) all increased in 2007. In addition, simultaneous increases in UQL (55 PCU)
and LQL (45 PCU) resulted in an IQR (10 PCU) consistent with the prior study period.
Finally, standard deviation (10 PCU) and distribution (normal) were also comparable to
2004.
Inter-year comparisons of the dry season AP measurements taken at the “Lake
Parker” sample site found that the maximum (85 PCU), minimum (48 PCU) and median
(58 PCU) all increased in 2007. In addition, simultaneous increases in UQL (85 PCU)
and LQL (48 PCU) resulted in a wider IQR (37 PCU) during this study period. Finally,
standard deviation (37 PCU) increased and the distribution remained (normal).
Inter-year comparisons of the dry season AP measurements taken at the “Lake
Mirror” sample site found that the maximum (85 PCU), minimum (70 PCU) and median
(75 PCU) all increased in 2007. In addition, simultaneous increases in UQL (85 PCU)
and LQL (70 PCU) resulted in a slightly wider IQR (15 PCU) during this study period.
Finally, standard deviation (15 PCU) increased and the distribution remained (normal).
Inter-year comparisons of the dry season AP measurements taken at the “Lake
Holloway” sample site found that the maximum (55 PCU) and median (50 PCU)
increased alongside a reduction in minimum (45 PCU) value in 2007. In addition, a
simultaneous increase in UQL (55 PCU) and LQL (45 PCU) resulted in an IQR (10 PCU)
consistent with 2004. Finally, standard deviation (10 PCU) and the distribution (normal)
remained constant.
Inter-year comparisons of the dry season AP measurements taken at the “Lake
Hollingsworth” sample site found that the maximum (55 PCU), minimum (48 PCU) and
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median (52 PCU) all increased in 2007. In addition, simultaneous increases in UQL (55
PCU) and LQL (48 PCU) resulted in a slightly wider IQR (7 PCU) during this study
period. Finally, standard deviation (7 PCU) increased and the distribution remained
(normal).
2007 intra-year seasonal AP comparisons (i.e., from the rainy to dry season)
resulted in the following: “Lake Gibson” : maximum (increased); minimum (decreased);
median (increased); distribution (no change); standard deviation (increased); and IQR
(increased); “Lake Crago” : maximum (increased); minimum (increased); median
(increased); distribution (N/A); standard deviation (N/A); and IQR (N/A); “Lake Parker”
: maximum (increased); minimum (no change); median (increased); distribution (no
change); standard deviation (increased); and IQR (increased); “ Lake Mirror” : maximum
(increased); minimum (increased); median (increased); distribution (no change); standard
deviation (increased); and IQR (increased); “ Lake Holloway” : maximum (decreased);
minimum (decreased); median (decreased); distribution (N/A); standard deviation (N/A);
and IQR (N/A); “ Lake Hollingsworth” : maximum (increased); minimum (no change);
median (increased); distribution (N/A); standard deviation (N/A); and IQR (N/A).
Overall, inter-year comparisons of 2004 and 2007 exhibited some diverging
behavior as it pertains to maximum AP concentrations when observed at the seasonal
scale. For example, the rainy season saw a 50/50 split amongst study sample sites with
respect to this water quality parameter. However, comparison of the two dry seasons
during this period saw an across the board increase in maximum AP values from 2004 to
2007. Additionally, while the dry season of the latter study year was also home to
increased IQRs and standard deviations of AP data, during the rainy season the reverse
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was true. Furthermore, the two study years also differed in that; the highest maximum
APs in 2004 were all present in the rainy season, while in 2007 these values were
generally confined to the dry season. However, these results were not capable
determining if these occurrences were due to rainfall events, changes in LULC or a
combination of both.
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Figure 78. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP)
for Rainy and Dry Seasons, Peace Watershed (2004 – 2007).
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1.6.3.4.3 Analysis of LULC and Water Quality (AP) (Peace, 1999 – 2007)
Figure 79 displays summaries of rainy and dry season AP measurements taken in
the Peace watershed along side LULC coverage for the initial and concluding study years
of 1999 and 2007 respectively. Regardless of season, 1999 and 2007 results for AP
descriptors were consistent almost across the board. The lack of variability amongst the
initial and concluding study years coupled with their inconsistencies when opposed to
2004 data, suggested the middle year included some factor influencing AP concentrations
that was absent in the either two study years. Given the prior LULC analysis; and
cartographic information in this current analysis suggested urbanization increased over
the course of the study period. This implicated rainfall as the externality most influencing
AP in the Peace watershed between 1999 and 2007.
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Figure 79. Measured (Sample Station in Red) Average Seasonal Apparent Color (AP) for
Rainy and Dry Seasons, Peace Watershed (1999 – 2007).
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1.6.3.5 Summary of LULC and Water Quality (AP) Analysis Groups A & B

When examining the LULC/AP relationship within the study groups, results of
analyses used in this study provided both expected and unexpected results. As
anticipated, the more urbanized Group A watersheds showed a far more direct
relationship between rainfall and in-stream AP concentrations. This was evident in all
seasonal comparisons for both the Alafia and Hillsborough watersheds; where these
basins saw a uniform reduction in mean AP concentrations during the dry season. This
was further supported in Table 63 where maximum average monthly AP measurements
coincided with maximum average monthly discharge (Recorded at Shell Creek near
Punta Gorda Florida) in both Group A watersheds.
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Table 63. Average Yearly AP Versus Discharge Groups A & B (1999, 2004 & 2007).
Average Yearly AP & Discharge
Year

Peace

Manatee

Hillsborough

Alafia

1999
2004

AP (PCU)

Discharge (CFS)

93.4

-

113.7

300.3*

2007

117.4

351.8**

1999

69.1

24.8

2004

95.8

370.0

2007

63.9

21.2

1999

82.6

-

2004

89.7

84.0

2007

88.8

26.4***

1999

48.1

355.0

2004

35.7

423.7

2007

62.4

115.4

* July, August, September & October Data Missing
** June, October, November & December Data Missing
*** September Data Missing

Similar comparisons examining the LULC/AP relationship in Group B yielded
noticeably different results. Seasonally, both the Manatee and Peace watersheds showed
both increases and decreases in mean AP concentrations (varying both according to year
and/or sample site) when going from the rainy to dry season. In addition, although
maximum average monthly AP for Manatee occurred in the same year as its highest
average monthly discharge, Table 64 showed average monthly AP for the following
study year was very similar despite far less average yearly discharge. This suggested that
runoff conditions in this watershed were less direct than both Group A watersheds; thus
alluding to the influence of saturated overland flow on terrestrial contributions to aquatic
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environments within the basin.
The Peace watershed much like the Manatee, differed with respect to mean
seasonal AP concentrations when compared to Group A. However, average monthly,
seasonal and maximum average monthly AP values for this watershed were in most cases
far less than not only its Group B neighbor Manatee, but also both of the decidedly more
urban Group A watersheds. These results were unusual considering the Peace
watershed’s: size was greater than all other watersheds combined; smallest yearly
allocation to agricultural lands (2007: (41.3%) 2458.4 km2) was greater than not only the
total area of both Group A watersheds but was also 2.5 times larger than the entire
Manatee watershed; and smallest yearly wetlands representation (1999: (15.7%) 943.6
km2) was roughly the size of each of the remaining study basins. These results described
a catchment area that had had a far greater contributing area, significant coverage of
LULC types susceptible to erosion processes as well as, a wide and ample distribution of
organically rich lands throughout its landscape. As such, one would have expected
obvious terrestrial contributions to aquatic environments, represented here as AP
concentration.
That fact that results were not consistent with known conditions within the
watershed encouraged further scrutiny of the data sources used in this analysis. Most
worthy of note was the localized distribution of Peace sample sites in the Northeast
corner of the watershed, a majority of which were taken from lakes interspersed amongst
wetland and urban LULC types. These locations implied that not only were AP
measurements in the basin taken in areas beyond the presumed reach of dominant
hydrologic flow, but they were also obtained from more static surface water sources than
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the other study areas. The latter of which may be used to explain the seemingly inverse
relationship between average monthly AP and discharge unique to this study basin.
The Peace sample sites showed their highest average monthly AP value (2007:
62.4 PCU) during a year when downstream discharge was the least. Conversely, their
lowest average monthly AP value (2004: 35.7 PCU) came during a very rainy 2004,
when average monthly discharge was greatest (423 cfs). Given the spectral nature of AP
measurements; the fact that they were taken from comparably static surface water
features; it is possible that the seemingly inverse rainfall/AP relationship described in
these results could be attributed to changes in hydric conditions in and around these lake
environments. In other words, reductions in lake volumes in these areas during drier
periods may have been interpreted spectrally as an increase materials concentration.
Conversely, high rainfall amounts may have acted to dilute these values. Either case
would explain the inverse relationship described above.
Although Peace AP results proved useful in identifying how differences in LULC
as wells environmental conditions can impact AP concentrations, their localization
deemed them insufficient as far as identifying dominant water quality conditions that
that could be used to differentiate both it and the Manatee, from the Alafia and
Hillsborough watersheds . Therefore, additional average monthly AP data for each study
year was obtained from the Peace River /Manasota Regional Water Supply Authority
(PR/MRWSA) at a location much further downstream (e.g., at the 6.6 km marker near
U.S. 41). Table 64 shows AP measurements provided by the PR/MRWSA which was
arranged in the following manner for each year: average rainy; average dry; and average
yearly, all along side average yearly discharge recorded at Shell Creek, near Punta Gorda.
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Table 64. Average Yearly AP Versus Discharge Groups A & B (1999, 2004 & 2007).

Peace

Peace River/Manasota Regional Water Supply Authority AP Data
Along-side Discharge Recorded Near Punta Gorda, Florida

Year

Ave. Rainy (PCU)

Ave. Dry (PCU)

Yearly Ave.(PCU)

Discharge (cfs)

1999
2004
2007

74.2
165.8
43.5

35.0
66.3
24.2

54.6
116.0
32.9

355.0
423.7
115.4

This data suggested a far more direct relationship between AP and rainfall which was
present whether observed seasonally or yearly and was expected given the many source
potential areas located throughout the Peace watershed landscape. This is further
supported when considering AP values at this location exceeded the others in every
instance where data indicated elevated rainfall. Nowhere was this more evident than
when comparing the two data sets in the very rainy 2004. During this year PR/MRWSA
AP values for average rainy season (165.8 PCU), average dry (66.3 PCU) and average
yearly (116.0 PCU), all exceed the same values obtained from the water atlas data sets
(42.3 PCU, 29.15 PCU and 35.7 PCU, respectively). The same pattern was evident in the
1999 although not to the same extent (74.2 PCU, 35.0 PCU and 54.6 PCU versus 58.6
PCU, 37.7 PCU and 48.1 PCU, respectively). The lone exception 2007 appeared to be a
year with less rainfall (see average yearly discharge) and also supported the idea that the
unique AP/rainfall association that was found amongst the water atlas data, was heavily
influenced by geography. Finally, PR/MRWSA also fell along the line of expectations
with its maximum average yearly AP value (2004) far exceeding that of all others, thus
accounting for the size of the Peace and its seeming aerial advantage with respect to color
contributing areas.
When confined exclusively to water atlas data, results investigating the
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AP/rainfall relationship in groups A and B were unable to differentiate the two.
Unexpected results such as: the highly urban Group A having higher overall AP values
than the agriculturally dominant Group B watersheds; and the very large, high source
potential Peace watershed having the lowest AP values for any of the basins, caught
notice and resulted in further investigation of the data sets. The inclusion of PR/MRWSA
in the Peace watershed led to more expected results not only within the watershed, but
amongst the study groups. The former of which was outline in prior portions of this
section while the latter; was evident in both Group B watersheds showing higher instream AP concentrations given similar watershed discharge. This pointed to Group B
watersheds having increase terrestrial contributions and thus source potential. This
condition may help explain some of the coastal variability present amongst groups A and
B.
1.6.4 Analysis of LULC Characteristics and Water Quality (TSS)
The following sections show results of comparisons for each study watershed’s
LULC (represented cartographically) and TSS measurements (represent by box plots) for
the following temporal periods: 1999 vs. 2004, 2004 vs. 2007 and 1999 vs. 2007.
Additionally, each of these periods were further grouped into rainy (e.g., May – October)
and dry (e.g., November – April) seasons in accordance with the USGS water year. It was
hoped that a side-by-side comparison of these watershed conditions would assist in
drawing parallels amongst LULC and TSS.
Tabular data in this analysis displays monthly average TSS measurements,
derived from available daily TSS measurements for all available sample sites within the
watershed in each of the study years. However, it is worth noting that the number of daily
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(i.e., how many TSS measurements were taken on a given date) and monthly (i.e., the
available number of sample days) were not consistent with respect to sample site,
watershed or study year.
Inconsistencies in year to year TSS data limited the number of sample sites
available for temporal analysis. As such, the rainy and dry season box plots used in this
study represented only those sample sites that had measured TSS values in each study
year. The data described in the box plots was a resultant of all raw TSS measurements
available within each of the seasonal constraints. Much like the tabular data, the numbers
of TSS samples within the two defined seasons were also inconsistent with respect to
sample site, watershed and study year.
1.6.4.1 Analysis of LULC Characteristics and Water Quality (TSS) (Alafia)

1999, 2004 and 2007 average monthly TSS (mg/l) measurements for all available
sample sites within the Alafia watershed are shown in Table 65. Rows in the Table 65 are
shaded in order to highlight rainy season data in each of the study years. The highest
recorded monthly average TSS measurements for this watershed were recorded during
the: rainy season in both 1999 (September: 23.4 mg/l) and 2007 (June: 11.5 mg/l); and
the dry season in 2004 (February: 19.1 PCU). Minimum monthly average TSS values
occurred during the dry season for all three study years. The years 1999 and 2004 were
identical in both concentration (mg/l) and month (March), while the minimum average
monthly TSS for 2007 (4.2 mg/l) took place in the month of February. Although these
results showed no discernable patterns from either year to year or month to month, it did
appear as though study year 1999 had higher overall monthly average TSS values across
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the board. Additionally, the fact that the second highest monthly average (2004: 19.1
mg/l)) was recorded during the dry season implies an atypical event (likely rainfall)
occurred during this period.
Table 65. Summary of Average Monthly TSS (mg/l) for Alafia River Sampling Sites.
Average Monthly Total Suspended Solids (mg/l)
Alafia
Month

1999

2004

2007

January
February
March
April
May
June
July
August
September
October
November
December

10.0
9.2
4.5
11.0
16.7
12.2
12.2
10.2
23.4
11.5
7.4
10.3

5.3
19.1
4.5
10.7
10.1
11.5
9.4
11.1
10.8
6.7
9.8
10.5

5.4
4.2
7.5
6.7
7.8
11.5
5.9
8.7
5.9
11.5
6.6
8.3

1.6.4.1.1 Analysis of LULC and Water Quality (TSS) (Alafia, 1999 – 2004)
Figure 80 displays summaries of rainy and dry season TSS measurements taken at
the “Alafia River @ Jameson Rd. (Lilly Bridge)” sample site, along side LULC coverage
within Alafia watershed for study years 1999 and 2004. As with the previous analyses the
subsequent text will provide inter-year rainy and dry season as well as intra-year rainy
and dry season comparisons. In addition, they were once again based on the following
descriptors in a sequential manner: maximum, minimum and median values; standard
deviation; distribution; and UQL, LQL and IQR.
Inter-year comparisons of 1999 and 2004 box plots for

rainy season TSS

measurements taken at the “Alafia @ Jameson Rd. (Lilly Bridge)” sample site found that
the: maximum (20 mg/l); minimum (5 mg/l) and median (8 mg/l) values; standard
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deviation (15 mg/l); UQL (12 mg/l), LQL (5 mg/l) and IQR (7 mg/l); as well as data
distribution (normal) for the 1999 rainy season were identical to results for the 2004
rainy season.
Similarly, inter-year comparisons of 1999 and 2004 box plots for dry season TSS
measurements taken at the “Alafia @ Jameson Rd. (Lilly Bridge)” sample site also
produced identical results for both study years: maximum (10 mg/l); minimum (5 mg/l)
and median (5 mg/l) values; standard deviation (5 mg/l); UQL (8 mg/l), LQL (5 mg/l)
and IQR (3 mg/l); as well as data distribution (severe negative skew).
Given there were no differences between 1999 and 2004 data in both the rainy
and dry seasons, the following results of intra-year seasonal TSS comparisons (i.e., from
the rainy to dry season) at this sample site applied to both study years: maximum
(decreased); minimum (unchanged); median (decreased); distribution (changed from
normal to severe negative skew); standard deviation (decreased); and IQR (decreased).
Overall, results of this analysis showed no year to year temporal variation of TSS
concentrations at the “Alafia @ Jameson Rd. (Lilly Bridge)” sample site for the given
temporal period. However, both study years did exhibit some season variation with data
suggesting that TSS concentrations were lower during the dry season.
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Figure 80. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry seasons, Alafia Watershed (1999 – 2004).
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1.6.4.1.2 Analysis of LULC and Water Quality (TSS) (Alafia, 2004 – 2007)
Figure 81 displays summaries of rainy and dry season TSS measurements taken at
the “Alafia River @ Jameson Rd. (Lilly Bridge)” sample site, along side LULC coverage
within Alafia watershed for study years 2004 and 2007. As with the previous analyses the
subsequent text will provide inter-year rainy and dry season as well as intra-year rainy
and dry season comparisons. In addition, they were once again based on the following
descriptors in a sequential manner: maximum, minimum and median values; standard
deviation; distribution; and UQL, LQL and IQR.
Inter-year comparisons of

2004 and 2007 box plots for rainy season TSS

measurements taken at the “Alafia @ Jameson Rd. (Lilly Bridge)” sample site found: the
2004 maximum (20 mg/l) exceeded that of 2007 (12 mg/l); both study years shared the
same minimum (5 mg/l); the 2004 median (8 mg/l) increased to (10 mg/l) in 2007; 2004
and 2007 had identical UQLs (12 mg/l), LQLs (5 mg/l) and IQRs (7 mg/l); 2004 saw a
greater standard deviation (15 mg/l) of data than 2007 in (7 mg/l); and the distribution of
data was normal for both years.
Inter-year comparisons of

2004 and 2007 box plots for dry season TSS

measurements taken at the “Alafia @ Jameson Rd. (Lilly Bridge)” sample site found: the
2004 maximum (10 mg/l) exceeded that of 2007 (5 mg/l); both study years shared the
same minimum (5 mg/l); the 2004 median (8 mg/l) decreased to (5 mg/l) in 2007. Due to
limited dry season measurements in 2007, box plots were indiscernible with respect to
standard deviation, UQL, LQL, IQR and data distribution.
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Alafia @ Jameson Rd. (Lilly Bridge)” sample site:
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maximum (decreased); minimum (constant); median (decreased); distribution (N/A);
standard deviation (N/A); and IQR (N/A).
Overall, results of this analysis did provide proof of some inter-year variation
with respects to TSS concentrations at the “Alafia @ Jameson Rd. (Lilly Bridge)” sample
site. More specifically, rainy and dry season maximum TSS concentrations decreased in
2007, while the 2004 rainy season also saw a greater standard deviation of measured TSS
values. In addition, both study years saw at least a 50% reduction in maximum TSS
concentrations when going from the rainy to dry season. All of which suggested that TSS
concentrations at this sample site may have been closely tied to rainfall during this
period.
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Figure 81. Measured (Sample Station in Red) Average Total Suspended Solids (TSS) for
Rainy and Dry Seasons, Alafia Watershed (2004 – 2007).
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1.6.4.1.3 Analysis of LULC and Water Quality (TSS) (Alafia, 1999 – 2007)
Figure 82 displays summaries of rainy and dry season TSS measurements taken at
the “Alafia River @ Jameson Rd. (Lilly Bridge)” sample site, along side LULC coverage
within Alafia watershed for study years 1999 and 2007. Given 1999 and 2004 data for
this sample site were identical, results and discussions for this section will be like wise
identical to the previous section (1.6.4.1.2).
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Figure 82. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry Seasons, Alafia Watershed (1999 – 2007).
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1.6.4.2 Analysis of LULC Characteristics and Water Quality (AP) (Hillsborough)
1999, 2004 and 2007 average monthly TSS (mg/l) measurements for all available
sample sites within the Hillsborough watershed are shown in Table 66. Rows in the Table
66 are shaded in order to highlight rainy season data in each of the study years. The
highest recorded monthly average TSS measurements for this watershed were recorded
during the rainy season in each of the study years: 1999 (October: 144.0 mg/l); 2004
(June: 12.6 mg/l) and 2007 (June: 17.9 mg/l). For the most part minimum monthly
average TSS values occurred during the dry season for all three study years: 1999
(January, March, April, May, November & December: 4.0 mg/l); 2004 (February &
March: 3.2 mg/l) and 2007 (January: 4.3 mg/l), the lone exception being the month of
May in 1999. There didn’t appear to be any year to year variation of average monthly
TSS in the Hillsborough watershed, however TSS concentrations for two months
(September: 139.7 mg/l & October: 144.0 mg/l) in the year 1999 stood out from all
others. Previous analysis of rainfall did not highlight any events that would explain such
high measurements. As such, it is possible these monthly averages were the result of
anthropogenic activities such as construction pulse of LULC change.
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Table 66. Summary of Average Monthly TSS (mg/l) for Hillsborough River Sampling
Sites.
Average Monthly Total Suspended Solids (mg/l)
Hillsborough
Month

1999

2004

2007

January
February
March
April
May
June
July
August
September
October
November
December

4.0
10.0
4.0
4.0
4.0
6.0
8.0
4.0
139.7
144
4.0
4.0

3.3
3.2
3.2
3.6
6.8
12.6
4.7
7.1
7.5
8.2
10.6
9.3

4.3
8.3
4.0
5.0
9.2
17.9
5.5
11.7
7.0
15.1
9.0
5.3

1.6.4.2.1 Analysis of LULC and Water Quality (TSS) (Hillsborough, 1999 – 2004)
Figure 83 displays summaries of rainy and dry season TSS measurements taken at
the “Hillsborough River @ Fowler Ave.” sample site, along side LULC coverage within
Hillsborough watershed for study years 1999 and 2004. As with the previous analyses the
subsequent text will provide inter-year rainy and dry season as well as intra-year rainy
and dry season comparisons. In addition, they were once again based on the following
descriptors in a sequential manner: maximum, minimum and median values; standard
deviation; distribution; and UQL, LQL and IQR.
Inter-year comparisons of

1999 and 2004 box plots for rainy season TSS

measurements taken at the “Hillsborough River @ Fowler Ave” sample site found: the
1999 maximum (10 mg/l) was exceeded by that of 2004 (15 mg/l); the 1999 minimum (5
mg/l) was slightly greater than the 2004 minimum (4 mg/l); the 1999 median of (6 mg/l)
was also slightly higher than the 2004 median (5 mg/l); the 1999 UQL of (8 mg/l)
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increased to (10 mg/l) in 2004; both years had identical LQLs (5 mg/l), the combination
of which resulted in a lower IQR in 1999 (3 mg/l) than in 2004 (5 mg/l); standard
deviation increased from (5 mg/l) in 1999 to (11 mg/l) in 2004; and

finally, the

distribution changed from a (severe positive skew) in 1999 to a (severe negative skew) in
2004.
Inter-year comparisons of 1999 and 2004 box plots for dry season TSS
measurements taken at the “Hillsborough River @ Fowler Ave” sample site found: the
maximum (5 mg/l) TSS values for both 1999 and 2004 to be identical; there was an
outlier of (10 mg/l) in both study years; the 1999 minimum value (5 mg/l) slightly
exceeded that of 2004 (4 mg/l); the 1999 median (5 mg/l) increased to (6 mg/l) in 2004.
Due to limited dry season measurements box plots were indiscernible with respect to
standard deviation, UQL, LQL, IQR and data distribution for both years.
1999 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Hillsborough River @ Fowler Ave”

sample site:

maximum (constant); minimum (constant); median (decreased); distribution (N/A);
standard deviation (N/A); and IQR (N/A).
2004 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Hillsborough River @ Fowler Ave”

sample site:

maximum (decreased); minimum (constant); median (increased); distribution (N/A);
standard deviation (N/A); and IQR (N/A).
Overall, results of this analysis did provide proof of some inter-year variation
with respects to TSS concentrations at the “Hillsborough River @ Fowler Ave” sample
site. More specifically, inter-year analysis showed maximum rainy season TSS
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concentrations increased despite a shift in distribution from a noticeable positive to an
equally negative skew. Also, when excluding the outliers both 1999 and 2004 intra-year
seasonal comparisons implied a markeTable decrease in overall TSS concentration from
rainy to dry season. This information, coupled with the extreme outliers in both dry
seasons suggested a dependence of this water quality parameter on rainfall events.
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Figure 83. Measured (Sample Station in Red) Average Seasonal Total Suspended
Solids (TSS) for Rainy and Dry seasons, Hillsborough Watershed (1999 – 2004).

273

1.6.4.2.2 Analysis of LULC and Water Quality (TSS) (Hillsborough, 2004 – 2007)

Figure 84 displays summaries of rainy and dry season TSS measurements taken at
the “Hillsborough River @ Fowler Ave.” sample site along side LULC coverage within
Hillsborough watershed for study years 2004 and 2007. As with the previous analyses the
subsequent text will provide inter-year rainy and dry season as well as intra-year rainy
and dry season comparisons. In addition, they were once again based on the following
descriptors in a sequential manner: maximum, minimum and median values; standard
deviation; distribution; and UQL, LQL and IQR.
Inter-year comparisons of

2004 and 2007 box plots for rainy season TSS

measurements taken at the “Hillsborough River @ Fowler Ave” sample site found: the
2004 maximum (15 mg/l) exceeded by that of 2007 (10 mg/l,) however, 2007 had an
extreme outlier of (38 mg/l); the 2004 minimum (4 mg/l) was slightly greater than the
2007 minimum (2 mg/l); the median for both years was equal (5 mg/l) ; the 2004 UQL of
(10 mg/l) decreased to (8 mg/l) in 2007; as did the LQLs (5 mg/l) versus (4 mg/l), the
combination of which resulted in a lower IQR in 2007 (4 mg/l) than in 2004 (5 mg/l);
standard deviation decreased from (11 mg/l) in 2004 to (8 mg/l) in 2007; and finally, the
distribution changed from a (severe negative skew) in 2004 to (normal) in 2007.
Inter-year comparisons of 2004 and 2007 box plots for dry season TSS
measurements taken at the “Hillsborough River @ Fowler Ave” sample site found: the
maximum 2004 TSS value (5 mg/l) was less than that of 2007 (5 mg/l), however 2004
had an extreme outlier of (10 mg/l); the 2004 minimum value (4 mg/l) exceeded that of
2007 (1 mg/l); the 2004 median (6 mg/l) decreased to (4 mg/l) in 2007; 2004 UQL, LQL
and IQR data was indiscernible, while 2007 had an UQL of (4 mg/) and a LQL of (2
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mg/l) resulting in an IQR of (2 mg/l) for the latter study year during this season; standard
deviation increased from (2 mg/l) in 2004 to (5 mg/l) in 2007; and finally, the an
indiscernible distribution in 2004 exhibited a (severe positive skew) in 2007.
2004 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Hillsborough River @ Fowler Ave”

sample site:

maximum (decreased); minimum (constant); median (increased); distribution (N/A);
standard deviation (decreased); and IQR (N/A).
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Hillsborough River @ Fowler Ave”

sample site:

maximum (decreased); minimum (decreased); median (decreased); distribution (changed
from normal to severely positively skewed); standard deviation (decreased); and IQR
(decreased).
Overall, results of this analysis did provide proof of some inter-year variation
with respects to TSS concentrations at the “Hillsborough River @ Fowler Ave” sample
site. More specifically, inter-year analysis showed maximum rainy season TSS
concentrations decreased despite a shift from a noticeable negative skew to a relatively
normal distribution. However, the latter distribution may have been attributed to the
extreme outlier in 2007. Also, when excluding the extreme outlier in the 2004 dry
season, intra-year seasonal comparisons implied a markeTable decrease in overall TSS
concentration from rainy to dry season. This information, coupled with the presence of a
dry season outlier and a reduction in deviation, again suggested a dependence of this
water quality parameter on rainfall events during this time period.
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Figure 84. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry Seasons, Hillsborough Watershed (2004 – 2007).
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1.6.4.2.3 Analysis of LULC and Water Quality (TSS) (Hillsborough, 1999 – 2007)
Figure 85 displays summaries of rainy and dry season AP measurements taken in
the Hillsborough watershed alongside LULC coverage for the initial and concluding
study years of 1999 and 2007 respectively. Comparison of these bookend years did not
reveal much differentiation amongst the two. Additionally, while these two years were
similar statistically, 2004 seemed to differ from both of them. This fact along with the
previously hypothesized dependence of TSS concentrations on rainfall implied that
results for study year 2004 were subject to precipitation events not typical in the other
two years.
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Figure 85. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry Seasons, Hillsborough Watershed (1999 – 2007).
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1.6.4.3 Analysis of LULC Characteristics and Water Quality (TSS) (Manatee)
1999, 2004 and 2007 average monthly TSS (mg/l) measurements for all available
sample sites within the Manatee watershed are shown in Table 67. Rows in the Table
687are shaded in order to highlight rainy season data in each of the study years.
Surprisingly, all of the highest recorded monthly average TSS measurements for this
watershed were recorded during the dry season: 1999 (December: 26.8 mg/l); 2004
(January: 41.0 mg/l) and 2007 (December: 11.7 mg/l). Additionally, all minimum
monthly average TSS values also occurred during the dry season in all three study years:
1999 (March: 5.2 mg/l); 2004 (February: 3.1 mg/l) and 2007 (February: 2.3 mg/l). These
results were not useful in deciphering any seasonal or year to year variation with respect
average monthly TSS concentrations in this watershed.

Table 67. Summary of Average Monthly TSS (mg/l) for Manatee River Sampling Sites.
Average Monthly Total Suspended Solids (mg/l)
Manatee
Month

1999

2004

2007

January
February
March
April
May
June
July
August
September
October
November
December

8.8
11.2
5.2
6.4
5.1
7.6
11.6
6.2
6.9
6.2
7.3
26.8

41.0
3.1
6.1
4.7
5.6
6.2
4.0
1.8
8.0
4.4
8.5
20.0

5.1
2.3
6.6
4.3
6.4
5.7
4.0
4.0
3.6
10.2
5.8
11.7
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1.6.4.3.1 Analysis of LULC and Water Quality (TSS) (Manatee, 1999 – 2004)
Prior to investigating actual TSS measurements, initial 1999 and 2004 results for
Manatee watershed differed from results for the Group A watersheds (i.e., Alafia &
Hillsborough described above) simply by having more available sample sample sites
covering each study year. Figure 86 displays summaries of rainy and dry season TSS
measurements taken at the following sample sites: “Braden River”; “Braden River @
Linger Lodge”; “Braden River Near Loraine, Fl.”; “Cooper Creek”; “Braden River Near
I-75”; An Unnamed Sample site; “Braden River near Power Line”; and “Cedar Creek”,
along side LULC coverage within the Manatee watershed for study years 1999 and 2004.
The subsequent text will provide comparisons of 1999 and 2004 inter-year rainy
season (i.e., 1999 versus 2004), inter-year dry season (i.e., 1999 versus 2004) and intrayear seasonal (i.e., 1999 rainy versus 1999 dry & 2004 rainy versus 2004 dry) TSS
measurement results on a sample site to sample site (i.e., sample site 1 in 1999 versus
sample site 1 in 2004 or sample site 1 in 1999 rainy season versus sample site 1 1999 dry
season, etc.) basis. The following descriptors: maximum, minimum and median values;
standard deviation; distribution; and UQL, LQL and IQR, will be contrasted in a
sequential manner.
Inter-year analysis of rainy season TSS values at the “Braden River” sample site
found: the maximum value in 1999 (8 mg/l) was far less the 2004 (18 mg/l); the
minimum value for 1999 (4 mg/l) increased to (5 mg/l) in 2004; the 1999 median TSS
value (6 mg/l) was surpassed by the 2004 median of (12 mg/l); the 1999 UQL of (7 mg/l)
increased to (18 mg/l) in 2004; as did the LQLs (5 mg/l) in 1999 versus (10 mg/l) in
2004, the combination of which resulted in a lower IQR in 1999 (3 mg/l) than in 2004 (8
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mg/l); standard deviation increased from (4 mg/l) in 1999 to (13 mg/l) in 2004; and
finally, the distribution (normal) for both years was constant.
Inter-year analysis of rainy season TSS values at the “Braden River @ Linger
Lodge” sample site found: the maximum value in 1999 (5 mg/l) was slightly less than
2004 (6 mg/l); a minimum value of (3 mg/l) was consistent in both years; the 1999
median TSS value (5 mg/l) was surpassed by the 2004 median of (6 mg/l); the 1999 UQL
of (5 mg/l) increased to (6 mg/l) in 2004; an LQL of (4 mg/l) was present in both years;
the 1999 IQR (1 mg/l) increased to (2 mg/l); standard deviation decreased from (4 mg/l)
in 1999 to (3 mg/l) in 2004; and finally, the distribution (severe positive skew) was the
same for both years.
Inter-year analysis of rainy season TSS values at the “Braden River @ Loraine,
Fl” sample site found: the maximum value in 1999 (5 mg/l) was far less than 2004 (10
mg/l), however, the former study year had an extreme outlier of (84 mg/l); a minimum
value of (4 mg/l) was consistent in both years; the 1999 median TSS value (5 mg/l) was
surpassed by the 2004 median of (6 mg/l); the 1999 UQL of (5 mg/l) increased to (11
mg/l) in 2004; an LQL of (4 mg/l) increased to (5 mg/l) in 2004; the 1999 IQR (1 mg/l)
increased to (6 mg/l) in 2004; standard deviation decreased from (1 mg/l) in 1999 to (6
mg/l) in 2004; and finally, the distribution changed from a (severe positive skew) in
1999, to a (slight negative skew) in 2004.
Inter-year analysis of rainy season TSS values at the “Cooper Creek” sample site
found: the maximum value in 1999 (48 mg/l) far exceeded the 2004 (10 mg/l) maximum;
while the 1999 minimum value (0 mg/l) increased to (3 mg/l) in 2004; the 1999 median
TSS value (8 mg/l) was less than 2004 (4 mg/l); the 1999 UQL of (28 mg/l) decreased to
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(10 mg/l) in 2004; an LQL of (3 mg/l) increased to (4 mg/l) in 2004; the 1999 IQR (25
mg/l) decreased to (6 mg/l) in 2004; standard deviation decreased from (4 mg/l) in 1999
to (7 mg/l) in 2004; and finally, the distribution (slight negative skew) remained constant
for both years.
Inter-year analysis of rainy season TSS values at the “Braden River Near I - 75”
sample site found: the maximum value in 1999 (28 mg/l) far exceeded the 2004 (10
mg/l) maximum; while a minimum value of (3 mg/l) was constant for both; the 1999
median TSS value (15 mg/l) decreased to (5 mg/l) in 2004; the 1999 UQL of (25 mg/l)
decreased to (9 mg/l) in 2004; an LQL of (7 mg/l) decreased to (4 mg/l) in 2004; the 1999
IQR (18 mg/l) decreased to (5 mg/l) in 2004; standard deviation decreased from (25 mg/l)
in 1999 to (7 mg/l) in 2004; and finally, the distribution in 1999 (normal) changed to a
(severe negative skew) in 2004.
Inter-year analysis of rainy season TSS values at the Unnamed sample site
found: the maximum value in 1999 (8 mg/l) increased to (11 mg/l) in 2004; while a
minimum value of (4 mg/l) in 1999 decreased to (2 mg/l) in 2004; the 1999 median TSS
value (7 mg/l) decreased to (4 mg/l) in 2004; the 1999 UQL of (10 mg/l) increased to (12
mg/l) in 2004; an LQL of (5 mg/l) in 1999 decreased to (3 mg/l) in 2004; the 1999 IQR
(5 mg/l) increased to (8 mg/l) in 2004; standard deviation increased from (4 mg/l) in 1999
to (9 mg/l) in 2004; and finally, the distribution in 1999 (normal) changed to a (severe
negative skew) in 2004.
Inter-year analysis of rainy season TSS values at the “Braden River Near Power
Line” sample site found: the maximum value in 1999 (8 mg/l) decreased to (6 mg/l) in
2004; while a minimum value of (4 mg/l) in 1999 decreased to (3 mg/l) in 2004; the 1999
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median TSS value (7 mg/l) increased to (5 mg/l) in 2004; the 1999 UQL of (8 mg/l)
decreased to (6 mg/l) in 2004; an LQL of (5 mg/l) was constant in both years; the 1999
IQR (3 mg/l) decreased to (1 mg/l) in 2004; standard deviation decreased from (4 mg/l)
in 1999 to (3 mg/l) in 2004; and finally, the distribution in 1999 (normal) changed to a
(severe negative skew) in 2004.
Inter-year analysis of rainy season TSS values at the “ Cedar Creek” sample site
found: the maximum value in 1999 (18 mg/l) far exceeded that of 2004 (6 mg/l); while a
minimum value of (5 mg/l) in 1999 decreased to (3 mg/l) in 2004; the 1999 median TSS
value (11 mg/l) decreased to (6 mg/l) in 2004; the 1999 UQL of (18 mg/l) decreased to (6
mg/l) in 2004; an LQL of (7 mg/l) in 1999 decreased to (3 mg/l) in 2004; the 1999 IQR
(11 mg/l) decreased to (3 mg/l) in 2004; standard deviation decreased from (13 mg/l) in
1999 to (3 mg/l) in 2004; and finally, the distribution in 1999 (normal) changed to a
(severe positive skew) in 2004.
Inter-year analysis of the dry season data for this study period was confined to the
“Braden River Near Power Line” sample site due to a lack of available data. As such the
maximum TSS value for 1999 (20 mg/l) was far greater than the value (8 mg/l) indicated
in 2004 results. At the same time, the minimum value for the 1999 (5 mg/l) dry season
decreased to (2 mg/l) in 2004. Additionally, the 1999 dry season median TSS value (18
mg/l) decreased to (5 mg/l) in 2004. These maximum and minimum values led to a
greater standard deviation amongst TSS measurements in 1999 (4 mg/l) when compared
to 2004 (6 mg/l). The data distribution for this sample site in 1999 (slight positive skew)
changed to a (severe positive skew) in 2004. The UQL in 1999 (8 mg/l) and 2004 (5
mg/l), along with LQLs of (10 mg/l) in 1999 and (3 mg/l), led to a slightly wider IQR in
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1999 (3 mg/l) than in 2004 (2 mg/l).
1999 seasonal intra-year TSS comparisons were confined to the “Cooper Creek”
and “Braden River Near Power Line” sample sites due to a lack of available data. When
examining the “Cooper Creek” sample site from the 1999 rainy to dry season the data
indicated the following: maximum (decreased); minimum (increased); median
(decreased); distribution (unchanged); standard deviation (decreased); and IQR
(decreased). In addition, a similar comparison at the “Braden River Near Power Line”
yielded the following results: maximum (increased); minimum (increased); median
(decreased); distribution (changed from normal to a slightly positive skew); standard
deviation (increased); and IQR (increased).
Likewise, 2004 seasonal intra-year TSS comparisons were confined to a single
sample site “Braden River Near Power Line” and showed the following trends: maximum
(decreased); minimum (decreased); median (constant); distribution (changed from
severely negative to severely positive skew); standard deviation (increased); and IQR
(increased).
Excluding 1999 results for the “Cooper Creek” and “Braden River Near I – 75”
which stood out from all others in terms of maximum value and variation of TSS
concentrations, inter-year comparisons for the two study years were comparable. The
close proximity of these sample sites and their unusually high TSS values when
compared to all others both within and amongst the study years may have been indicative
of an anthropogenic influence (i.e., LULC, construction pulse, etc.) in this vicinity,
during 1999. Additionally, while rainy season TSS values for the “Cooper Creek” sample
site exceeded its dry season counter part, it was worth noting that dry season values for
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this sample site exceeded a majority of rainy season values for this study. The same was
true for the other available dry season sample site (“Braden River Near Power Line” ),
which exceeded maximum TSS values for all rainy season sample sites, save the two
previously named exceptions (“Cooper Creek” and “Braden River Near I – 75” ).
Additionally, available 2004 dry season results were also comparable or exceeded a
majority of rainy season TSS concentrations within that study year. Therefore, intra-year
seasonal comparisons in both study years suggested a relative increase in TSS
concentrations during the dry season when compared to the rainy season.
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Figure 86. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry seasons, Manatee Watershed (1999 – 2004).
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1.6.4.3.2 Analysis of LULC and Water Quality (TSS) (Manatee, 2004 – 2007)
Figure 87 displays summaries of rainy and dry season TSS measurements taken at
the following sample sites: “Braden River”; “Braden River @ Linger Lodge”; “Braden
River Near Loraine, Fl.”; “Braden River Near I-75”; An Unnamed Sample site; “Braden
River near Power Line”; and “Cedar Creek”, along side LULC coverage within the
Manatee watershed for study years 2004 and 2007.
The following section outlines 2004 and 2007 inter-year results for the rainy and
dry seasons using the following descriptors: maximum, minimum and median values;
standard deviation; distribution; and UQL, LQL and IQR.
Inter-year analysis of the rainy season data found that the 2007 maximum rainy
season value at the “Braden River” sample site showed a noticeable decreased to (4
mg/l) over the course of this study period. Also during this temporal period, the minimum
TSS value at this sample site decreased to (3 mg/l) as did median TSS (2 mg/l).The UQL
(4 mg/l), LQL (2 mg/l) and IQR (2 mg/l) were also less in 2007. The same was true for
the standard deviation of TSS values (2 mg/l), while the distribution changed (from a
normal to severe negative skew).
Inter-year analysis of the rainy season data found that the 2007 maximum rainy
season value at the “Braden River @ Linger Lodge” sample site decreased to (4 mg/l)
over the course of this study period. Also during this temporal period, the minimum TSS
value at this sample site decreased to (2 mg/l) as did the median (3 mg/l).The UQL (4
mg/l) and LQL (2 mg/l) both decreased, while the IQR (2 mg/l) remained constant.
Finally, standard deviation (2 mg/l) decreased and the distribution changed (from a
severe positive skew to a slightly positive skew).

287

Inter-year analysis of the rainy season data found that the 2007 maximum rainy
season value at the “Braden River @ Loraine, Fl.” sample site decreased to (7 mg/l) over
the course of this study period. Also during this temporal period, the minimum TSS value
at this sample site decreased to (2 mg/l) as did the median (4 mg/l).The UQL (4 mg/l),
LQL (2 mg/l) and IQR (2 mg/l) also decreased. Finally, standard deviation (5 mg/l)
decreased slightly and the distribution changed (from a slightly negative skew to a severe
positive skew).
Inter-year analysis of the rainy season data found that the 2007 maximum rainy
season value at the “Braden River Near I - 75” sample site decreased to (6 mg/l) but there
was an extreme outlier of (12 mg/l). Also during this temporal period, the minimum TSS
value at this sample site decreased to (2 mg/l) as did the median (4 mg/l).The UQL (6
mg/l), LQL (2 mg/l) and IQR (4 mg/l) all decreased. Finally, standard deviation (4 mg/l)
decreased and the distribution changed (from a severe negative skew to a normal
distribution).
Inter-year analysis of the rainy season data found that the 2007 maximum rainy
season value at the unnamed sample site decreased to (4 mg/l) while the minimum (2
mg/l) remained constant. Additionally, the median (2 mg/l), UQL (2 mg/l), LQL (1 mg/l),
IQR (1 mg/l) and standard deviation (2 mg/l) all decreased. Finally, the distribution
changed (from a severe negative skew to a severe positive skew).
Inter-year analysis of the rainy season data found that the 2007 maximum rainy
season value at the “Braden River Near Power Line” sample site remained constant at (6
mg/l), however this study year had an extreme outlier (24 mg/l). At the same time,
minimum (2 mg/l) and median (2 mg/l) decreased. IQR (4 mg/l) increased due to a

288

reduction in LQL (2 mg/l). Finally, standard deviation increased (3 mg/l) while
distribution (severe negative skew) remained the same.
Inter-year analysis of the rainy season data found that the 2007 maximum (10
mg/l), minimum (4 mg/l) and median (7 mg/l) rainy season value at the “Cedar Creek”
sample site all increased. Meanwhile UQL (9 mg/l) and LQL (7 mg/l) increased which
resulted in a decreased IQR (2 mg/l). Finally, standard deviation (6 mg/l) increased while
the distribution of data shifted from a (severe positive to a severe negative skew).
Inter-year analysis of the rainy season data found that the 2007 maximum (10
mg/l), minimum (4 mg/l) and median (7 mg/l) rainy season value at the “Cedar Creek”
sample site all increased. Meanwhile UQL (9 mg/l) and LQL (7 mg/l) increased which
resulted in a decreased IQR (2 mg/l). Finally, standard deviation (6 mg/l) increased while
the distribution of data shifted from a (severe positive to a severe negative skew).
Inter-year analysis of the dry season data for this study period was confined to the
“Braden River Near Power Line” sample site due to a lack of available data. As such, this
analysis showed that the maximum (5 mg/l), minimum (1 mg/l), median (3 mg/l) and
UQL (4 mg/l) all decreased. Conversely, LQL (3 mg/l), IQR (1 mg/l) and standard
deviation (4 mg/l) all decreased. All of which culminated in a shift in distribution from a
(severe positive to a severe negative skew).
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Braden River” sample site: maximum (decreased);
minimum (decreased); median (constant); distribution (changed from severely negatively
skewed to a normal distribution); standard deviation (constant); and IQR (constant).
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
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resulted in the following at the “Braden River @ Linger Lodge” sample site: maximum
(decreased); minimum (decreased); median (decreased); distribution (changed from a
slightly positive skew to a severe negative skew); standard deviation (constant); and IQR
(decreased).
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Braden River @ Loraine, Fl.” sample site: maximum
(decreased), with the exception of an extreme outlier; minimum (decreased); median
(decreased); distribution (changed from a severely positive skew to a normal
distribution); standard deviation (decreased); and IQR (constant).
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Braden River Near I - 75” sample site: maximum
(increased); minimum (constant); median (increased); distribution (changed from a
normal to a slightly positive distribution); standard deviation (increased); and IQR
(increased).
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the unnamed sample site: maximum (decreased); minimum
(decreased); median (decreased); distribution (N/A); standard deviation (N/A); and IQR
(N/A).
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following at the “Braden River Near Power Line” sample site: maximum
(decreased); minimum (decreased); median (increased); distribution (remained constant);
standard deviation (constant); and IQR (decreased).
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
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resulted in the following at the “Cedar Creek” sample site: maximum (decreased);
minimum (decreased); median (decreased); distribution (remained constant); standard
deviation (decreased); and IQR (constant).
Based on overall median values in both seasons, inter-year analysis did not show
much variation either temporally or spatially, amongst the two study years. In addition,
based on the data provided, there did not appear to much seasonal variation within the
latter study year. As such, these results were not viable in identifying differences in either
of the study years, or seasonal variation on 2007.
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Figure 87. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry Seasons, Manatee Watershed (2004 – 2007).
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1.6.4.3.3 Analysis of LULC and Water Quality (TSS) (Manatee, 1999 – 2007)
Figure 88 displays summaries of rainy and dry season TSS measurements taken in
the Manatee watershed alongside LULC coverage for the initial and concluding study
years of 1999 and 2007 respectively. Comparison of these bookend years did not reveal
much differentiation amongst the two during the rainy season. However, there were
several sample sites during the 1999 season that did show markeTable reductions in both
maximum and median TSS concentrations in 2007. From the limited dry season data
available, 2007 TSS concentrations did seem to experience a certain level of reduction
over the course of the study period.
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Figure 88. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry Seasons, Manatee Watershed (1999 – 2007).
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1.6.4.4 Analysis of LULC Characteristics and Water Quality (TSS) (Peace)

1999, 2004 and 2007 average monthly TSS (mg/l) measurements for all available
sample sites within the Peace watershed are shown in Table 68. Rows in the Table are
shaded in order to highlight rainy season data in each of the study years. Surprisingly, the
highest recorded monthly average TSS measurements for this watershed were recorded
during the dry season in each of the study years: 1999 (December: 26.8 mg/l); 2004
(November: 16.9 mg/l) and 2007 (December: 26.4 mg/l). Additionally, minimum
monthly average TSS values for 1999 and 2007 occurred during the rainy season, (July:
10.7 mg/l & October: 8.6 mg/l), respectively. The lone exception 2004 experienced its
minimum monthly average during the dry season (January: 4.4 mg/l). While there didn’t
appear to be any year to year patterns of variation with respect to this water quality
parameter, the two bookend study years did seem to have higher overall monthly TSS
values the than the middle year (2004).
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Table 68. Summary of Average Monthly TSS (mg/l) for Peace River Sampling Sites.
Average Monthly Total Suspended Solids (mg/l)
Peace
Month
1999
2004
2007
January
17.9
4.4
11.7
February
13.2
7.6
13.6
March
21.5
15.1
15.3
April
29.7
8.9
12.3
May
24.0
10.5
16.6
June
12.8
10.9
23.9
July
10.7
6.8
9.5
August
11.0
7.1
22.2
September
25.1
13.5
17.4
October
12.5
10.8
8.6
November
11.4
16.9
9.1
December
26.8
16.0
26.4

1.6.4.4.1 Analysis of LULC and Water Quality (TSS) (Peace, 1999 – 2004)
Figure 89 displays summaries of 1999 and 2004 rainy and dry season TSS
measurements taken at the following sample sites: “Lake Gibson”; “Lake Crago”; “Lake
Parker”; “Lake Mirror”; “Lake Holloway”; and “Lake Hollingsworth”, along side LULC
coverage within the Peace watershed for the same study years.
As with the previous analyses the subsequent text will provide inter-year rainy
and dry season as well as intra-years rainy and dry season comparisons. In addition, they
were once again based on the following descriptors in a sequential manner: maximum,
minimum and median values; standard deviation; distribution; and UQL, LQL and IQR.
It is important to note that due to a limited of samples (i.e., total number of samples taken
during the season) at several stations, values shown for this season in the year 1999
represent the: maximum; minimum; median; UQL; and LQL, while being void of an IQR
or standard deviation.
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Inter-year analysis of the rainy season data at the “Lake Gibson” sample site
found: the 1999 maximum (8 mg/l) was consistent with that of 2004 (8 mg/l); the
minimum in 1999 (2 mg/l) increased to (5 mg/l) in 2004; the 1999 median (6 mg/l) was
also equal to 2004 (6 mg/l); the 1999 UQL (8 mg/l) was the same as 2004 (8 mg/l),the
1999 LQL (2 mg/l) increased to (5 mg/l) in 2004; all which resulted in the 1999 IQR (6
mg/l) decreased to (3 mg/l) in the latter study year; finally, the 1999 standard deviation (6
mg/l) decreased to (3 mg/l) in 2004, while the distribution for both years was (normal).
Inter-year analysis of the rainy season data at the “Lake Crago” sample site
found: the 1999 maximum (45 mg/l) exceeded that of 2004 (14 mg/l); the minimum in
1999 (38 mg/l) decreased to (12 mg/l) in 2004; the 1999 median (42 mg/l) was also far
greater than 2004 (13 mg/l); the 1999 UQL (45 mg/l), LQL (38 mg/l) and IQR (8 mg/l),
were all greater than the same descriptors in 2004 (14 mg/l), (12 mg/l) and (2 mg/l),
respectively; the 1999 standard deviation (8 mg/l) was reduced to (2 mg/l); while the
distribution for both years was (normal).
Inter-year analysis of the rainy season data at the “Lake Parker” sample site
found: the 1999 maximum (35 mg/l) was exceeded by that 2004 (52 mg/l); the minimum
in 1999 (12 mg/l) more than doubled to (30 mg/l) in 2004; the 1999 median (22 mg/l)
was less than 2004 (40 mg/l); the 1999 UQL (35 mg/l) was exceeded by 2004 (52
mg/l),the 1999 LQL (12 mg/l) increased to (30 mg/l) in 2004; all which resulted in the
1999 IQR (23 mg/l) slightly decreasing to (22 mg/l) in the latter study year; finally, the
1999 standard deviation (23 mg/l) also decreased to (22 mg/l) in 2004, while the
distribution for both years was (normal).
Inter-year analysis of the rainy season data at the “Lake Mirror” sample site
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found that the 1999 and 2004: maximum (12 mg/l); minimum (8 mg/l); median (10 mg/l);
UQL (12 mg/l);

LQL (8 mg/l); IQR (4 mg/l); standard deviation (4 mg/l); and

distribution (normal) were all equal.
Inter-year analysis of the rainy season data at the “Lake Holloway” sample site
found: the 1999 maximum (35 mg/l) far exceeded 2004 (14 mg/l); the minimum in 1999
(30 mg/l) decreased to (12 mg/l) in 2004; and the 1999 median (33 mg/l) also decreased
to (13 mg/l) in 2004; the 1999 UQL (35 mg/l) decreased to (14 mg/l) in 2004; the 1999
LQL (30 mg/l) exceeded that of 2004 (12 mg/l); while the 1999 IQR (30 mg/l) exceeded
2004 (2 mg/l); finally, the 1999 standard deviation (5 mg/l) saw a reduction to (2 mg/l)
with the presence of a (normal) distribution in both study years.
Inter-year analysis of the rainy season data at the “Lake Hollingsworth” sample
site found: the 1999 maximum (44 mg/l) far exceeded 2004 (13 mg/l); the minimum in
1999 (42 mg/l) decreased to (10 mg/l) in 2004; and the 1999 median (40 mg/l) also
decreased to (11 mg/l) in 2004; the 1999 UQL (44 mg/l) decreased to (13 mg/l) in 2004;
the 1999 LQL (40 mg/l) exceeded that of 2004 (10 mg/l); while the 1999 IQR (4 mg/l)
saw a slight decrease to (3 mg/l) in 2004; finally, the 1999 standard deviation (4 mg/l)
also saw a reduction to (3 mg/l) with the presence of a (normal) distribution in both
study years.
Inter-year analysis of the dry season data at the “Lake Gibson” sample site found:
the 1999 maximum (14 mg/l) was greater than that of 2004 (5 mg/l); the minimum (2
mg/l) was equal for both years; the 1999 median (8 mg/l) was greater than 2004 (3 mg/l);
the 1999 UQL (14 mg/l) was greater than that of 2004 (5 mg/l); the 1999 LQL (2 mg/l)
was equal to 2004 (2 mg/l); while the 1999 IQR (12 mg/l) exceeded that of 2004 (3
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mg/l); finally, the 1999 standard deviation (12 mg/l) was also four times that of 2004 (3
mg/l) with the presence of a (normal) distribution in both study years.
Inter-year analysis of the dry season data at the “Lake Crago” sample site found:
the 1999 maximum (45 mg/l) was greater than that of 2004 (14 mg/l); the minimum in
1999 (40 mg/l) decreased to (11 mg/l) in 2004; the 1999 median (42 mg/l) was far greater
than 2004 (12 mg/l); the 1999 UQL (45 mg/l) decreased to (14 mg/l); the 1999 LQL (40
mg/l) decreased to (11 mg/l) in 2004; while the 1999 IQR (5 mg/l) slightly exceeded that
of 2004 (3 mg/l); finally, the 1999 standard deviation (5 mg/l) was diminished to (5
mg/l) in 2004, with the presence of a (normal) distribution in both study years.
Inter-year analysis of the dry season data at the “Lake Parker” sample site found:
the 1999 maximum (32 mg/l) was exceeded by that 2004 (44 mg/l); the minimum in 1999
(12 mg/l) was slightly less than 2004 (14 mg/l); the 1999 median (22 mg/l) increased to
(26 mg/l) in 2004; the 1999 UQL (32 mg/l) increased to (44 mg/l) in 2004; the LQL in
1999 (12 mg/l) increased to (14 mg/l); this resulted with in a lower IQR in 1999 (12 mg/l)
than in 2004 (30 mg/l); while the 1999 standard deviation (10 mg/l) was also augmented
to (30 mg/l); while the distribution for both years was (normal).
Inter-year analysis of the dry season data at the “Lake Mirror” sample site found:
the 1999 maximum (12 mg/l) was exceeded by 2004 (16 mg/l); the minimum in 1999 (8
mg/l) increased to (14 mg/l) in 2004; the 1999 median (10 mg/l) was less than 2004 (15
mg/l); the 1999 UQL (12 mg/l) was less than 2004 (16 mg/l); the 1999 LQL (8 mg/l)
increased to (14 mg/l) in 2004; the IQR (4 mg/l) of the former was slightly greater than
the latter (2 mg/l); additionally, the 1999 standard deviation (4 mg/l) was slightly greater
than 2004 (2 mg/l), while the distribution was (normal) for both study years.
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Inter-year analysis of the dry season data at the “Lake Holloway” sample site
found: the 1999 maximum (45 mg/l) was greater than that of 2004 (14 mg/l); the
minimum in 1999 (40 mg/l) decreased to (12 mg/l) in 2004; the 1999 median (42 mg/l)
was greater than 2004 (13 mg/l); the 1999 UQL (45 mg/l) was greater than that of 2004
(14 mg/l); the 1999 LQL (40 mg/l) decreased to (12 mg/l) in 2004; while the 1999 IQR (5
mg/l) exceeded that of 2004 (2 mg/l); finally, the 1999 standard deviation (5 mg/l) was
decreased to (2 mg/l) with the presence of a (normal) distribution in both study years.
Inter-year analysis of the dry season data at the “Lake Hollingsworth” sample site
found: the 1999 maximum (42 mg/l) far exceeded that of 2004 (8 mg/l); the minimum in
1999 (38 mg/l) decreased to (6 mg/l) in 2004; the 1999 median (40 mg/l) was far greater
than in 2004 (7 mg/l); the 1999 UQL (42 mg/l), LQL (38 mg/l) and IQR (4 mg/l), were
all greater than the same descriptors in 2004 (8 mg/l), (6 mg/l) and (2 mg/l), respectively;
the 1999 standard deviation (4 mg/l) was slightly larger than 2004 (2 mg/l); while the
distribution remained (normal).
1999 and 2004 seasonal intra-year TSS comparisons were conducted comparing
rainy season to dry season results with a given study year and are presented below in the
following format: Sample site; maximum (increase/decrease/no change); minimum
(increase/decrease/no change); median (increase/decrease/no change); distribution
(change/no change); standard deviation (increase/decrease/no change); and IQR
(increase/decrease/no change).
1999 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following: “Lake Gibson” : maximum (decreased); minimum (no change);
median (increased); distribution (no change); standard deviation (increased); and IQR
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(increased); “Lake Crago” : maximum (no change); minimum (increased); median (no
change); distribution (no change); standard deviation (decrease); and IQR (decrease);
“Lake Parker” : maximum (decreased); minimum (no change); median (no change);
distribution (no change); standard deviation (decreased); and IQR (decreased); “ Lake
Mirror” : maximum (no change); minimum (no change); median (no change); distribution
(no change); standard deviation (no change); and IQR (no change); “ Lake Holloway” :
maximum (decreased); minimum (increased); median (increased); distribution (no
change); standard deviation (no change); and IQR (no change); “ Lake Hollingsworth” :
maximum (decreased); minimum (decreased); median (no change); distribution (no
change); standard deviation (no change); and IQR (no change).
2004 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following: “Lake Gibson” : maximum (decreased); minimum (decreased);
median (decreased); distribution (no change); standard deviation (no change); and IQR
(no change); “Lake Crago” : maximum (no change); minimum (decreased); median
(decreased); distribution (no change); standard deviation (increased); and IQR
(increased); “Lake Parker” : maximum (decreased); minimum (decreased); median
(decreased); distribution (no change); standard deviation (increased); and IQR
(increased); “ Lake Mirror” : maximum (increased); minimum (increased); median
(increased); distribution (no change); standard deviation (decreased); and IQR
(decreased); “ Lake Holloway” : maximum (no change); minimum (no change); median
(no change); distribution (no change); standard deviation (no change); and IQR (no
change); “ Lake Hollingsworth” : maximum (decreased); minimum (decreased); median
(decreased); distribution (no change); standard deviation (decreased); and IQR

301

(decreased).
Overall, inter-year comparisons of 1999 and 2004 suggested a decrease in TSS
concentrations over the course of this study period. This was most evident by observing
maximum TSS values for both the rainy and dry seasons in each of the study years. More
specifically, with the exception of the “Lake Parker” sample site, all other sample sites
showed a reduction in this TSS descriptor over the course of the study period. In addition,
this was true regardless of season. Furthermore, cartographic information suggested this
decrease in TSS coincided with an overall increase in urbanization throughout the
watershed.
Results of intra-year analyses for the rainy and dry seasons in both 1999 and 2004
did not allow for the differentiation of the two years with respect to maximum TSS
values. If anything was apparent, it was the variability of TSS with the drainage basin
regardless of season. Inter-season analysis showed maximum and median values at the
various study sample sites increased, decreased or remained constant; with no discernable
patterns either within ort amongst the study years.
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Figure 89. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry Seasons, Peace Watershed (1999 – 2004).
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While these results did show a reduction in overall TSS concentrations from 1999
– 2004, they were not useful in identifying what if any seasonal effect may have come
into play. As such, comparisons of these years with the concluding study (e.g., 2007)
were necessary to draw any conclusions as to the cause of these inconsistencies.
1.6.4.4.2 Analysis of LULC and Water Quality (TSS) (Peace, 2004 – 2007)
Figure 90 displays summaries of rainy and dry season TSS measurements taken at
the following sample sites: “Lake Gibson”; “Lake Crago”; An Unnamed Sample site;
“Lake Parker”; “Lake Mirror”; “Lake Holloway”; and “Lake Hollingsworth”, along side
LULC coverage within the Peace watershed for study years 2004 and 2007.
The subsequent text will provide comparisons of 2004 and 2007 inter-year rainy
season (i.e., 2004 versus 2007), inter-year dry season (i.e., 2004 versus 2007) and intrayear seasonal (i.e., 2004 rainy versus 2004 dry & 2007 rainy versus 2007 dry) TSS
measurement results on a sample site to sample site (i.e., sample site 3 in 2004 versus
sample site 3 in 2007 or sample site 3 in 2004 rainy season versus sample site 3 2004 dry
season, etc.) basis. The following descriptors: maximum, minimum and median values;
standard deviation; distribution; and UQL, LQL and IQR, will be contrasted in a
sequential manner. However, due to data limitations in 2007, descriptors were confined
to maximum, minimum and median values.
Inter-year comparisons of the rainy season TSS measurements taken at the “Lake
Gibson” sample site found: the maximum (8 mg/l) remained constant; the decreased
slightly to (4 mg/l); the median (6 mg/l) remained constant; the UQL (8 mg/l) was the
same as 2004; the LQL (4 mg/l) was slightly less than the prior study year; the IQR (4
mg/l)was a slight increase; and the standard deviation (4 mg/l) increased, while the
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standard deviation remained (normal).
Inter-year comparisons of the rainy season TSS measurements taken at the “Lake
Crago” sample site found: the maximum (104 mg/l), minimum (60 mg/l) and median (81
mg/l); UQL (104 mg/l); LQL (60 mg/l); IQR (44 mg/l) and standard deviation (44 mg/l)
all increased in 2007, while the distribution remained (normal).
Inter-year comparisons of 2007 rainy season TSS measurements taken at the
“Lake Parker” sample site found: the maximum (99 mg/l), minimum (82 mg/l) and
median (92 mg/l); UQL (99 mg/l); LQL (82 mg/l) all showed a noticeable increase.
Meanwhile the IQR (17 mg/l) and standard deviation (17 mg/l) both decreased in 2007,
while the distribution remained (normal).
Inter-year comparisons of the rainy season TSS measurements taken at the “Lake
Mirror” sample site found: the maximum (8 mg/l), minimum (6 mg/l) and median (7
mg/l); UQL (8 mg/l); LQL (6 mg/l); IQR (2 mg/l) and standard deviation (2 mg/l) all
decreased in 2007, while the distribution remained (normal).
Inter-year comparisons of 2007 rainy season TSS measurements taken at the
“Lake Holloway” sample site found: the maximum (104 mg/l), minimum (60 mg/l) and
median (81 mg/l); UQL (104 mg/l); LQL (60 mg/l); IQR (44 mg/l) and standard
deviation (44 mg/l) all increased in 2007, while the distribution remained (normal).
Inter-year comparisons of 2007 rainy season TSS measurements taken at the
“Lake Hollingsworth” sample site found: the maximum (32 mg/l), minimum (28 mg/l)
and median (30 mg/l); UQL (32 mg/l); LQL (28 mg/l); IQR (4 mg/l) and standard
deviation (4 mg/l) all increased in 2007, while the distribution remained (normal).
Inter-year comparisons of 2007 dry season TSS measurements taken at the “Lake
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Gibson” sample site found: the maximum (5 mg/l) increased; the minimum (2 mg/l)
decreased slightly; the median (3 mg/l) remained constant. Due to inadequate sample size
comparisons regarding: UQL; LQL; IQR; standard deviation; and data distribution were
not possible.
Inter-year comparisons of the dry season TSS measurements taken at the “Lake
Crago” sample site found: the maximum (105 mg/l), minimum (62 mg/l) and median (86
mg/l) all increased dramatically in 2007. In addition, noticeable increases in UQL (105
mg/l) and LQL (62 mg/l) resulted in a much higher IQR (43 mg/l) than the prior study
period. Finally, standard deviation (43 mg/l) was also augmented, while the distribution
remained (normal).
Inter-year comparisons of the dry season TSS measurements taken at the “Lake
Parker” sample site found: the maximum (99 mg/l), minimum (44 mg/l) and median (72
mg/l); UQL (99 mg/l); LQL (44 mg/l); IQR (45 mg/l) and standard deviation (45 mg/l)
all increased in 2007, while the distribution remained (normal).
Inter-year comparisons of the dry season TSS measurements taken at the “Lake
Mirror” sample site found that the maximum (18 mg/l), minimum (8 mg/l) and median
(12 mg/l) all decreased in 2007. In addition, simultaneous decreases in UQL (10 mg/l)
and LQL (8 mg/l) resulted in a narrower IQR (10 mg/l) during this study period. Finally,
standard deviation (10 mg/l) decreased and the distribution remained (normal).
Inter-year comparisons of the dry season TSS measurements taken at the “Lake
Holloway” sample site found: the maximum (103 mg/l), minimum (62 mg/l) and median
(86 mg/l) all increased dramatically in 2007. In addition, noticeable increases in UQL
(105 mg/l) and LQL (62 mg/l) resulted in a much higher IQR (43 mg/l) than the prior
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study period. Finally, standard deviation (43 mg/l) was also augmented, while the
distribution remained (normal).
Inter-year comparisons of the dry season TSS measurements taken at the “Lake
Hollingsworth” sample site found: the maximum (22 mg/l), minimum (22 mg/l) and
median (22 mg/l) values all increased in 2007. Due to inadequate sample size
comparisons regarding: UQL; LQL; IQR; standard deviation; and data distribution were
not possible.
2007 intra-year seasonal TSS comparisons (i.e., from the rainy to dry season)
resulted in the following: “Lake Gibson” : maximum (decreased); minimum (decreased);
median (decreased); distribution (N/A); standard deviation (N/A); and IQR (N/A); “Lake
Crago” : maximum (increased); minimum (increased); median (increased); distribution
(no change); standard deviation (decreased); and IQR (decreased); “Lake Parker” :
maximum (no change); minimum (decreased); median (decreased); distribution (no
change); standard deviation (increased); and IQR (increased); “ Lake Mirror” : maximum
(increased); minimum (increased); median (increased); distribution (no change); standard
deviation (increased); and IQR (increased); “ Lake Holloway” : maximum (decreased);
minimum (increased); median (increased); distribution (no change); standard deviation
(decreased); and IQR (decreased); “ Lake Hollingsworth” : maximum (decreased);
minimum (decreased); median (decreased); distribution (N/A); standard deviation (N/A);
and IQR (N/A).
Overall, inter-year comparisons of 2004 and 2007 TSS results showed an overall
increase in concentrations of this water quality parameter, regardless of season. In fact
aside from the “Lake Gibson” and “Lake Mirror” sample sites, 2007 TSS values were
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across the board much greater than what results for 2004 suggested.
Intra-year comparisons of the rainy and dry seasons in 2007 showed results for all
sample sites to be comparable. Included in these nearly similar seasonal measurements
were the “Lake Crago”, “Lake Parker” and “Lake Holloway” study sample sites. This
was significant considering these three sample sites had the three highest maximum and
median TSS values found in this analysis. Additionally, while the remaining sample site
descriptors were comparable, they did tend to show a slight decrease during the dry
season. Therefore, this implicated rainfall as a factor influencing TSS concentrations in
this watershed. However, the fact that the three sample sites mentioned above had such
similar values in both seasons, implicated another fact such as LULC change or some
other land disturbance affecting TSS values in the Peace watershed during this period.
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Figure 90. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry Seasons, Peace Watershed (2004 – 2007).
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1.6.4.4.3 Analysis of LULC and Water Quality (TSS) (Peace, 1999 – 2007)
Figure 91 displays summaries of rainy and dry season TSS measurements taken in
the Peace watershed alongside LULC coverage for the initial and concluding study years
of 1999 and 2007 respectively. Inter-year comparisons showed that TSS concentrations
increased of the course of the study. Additionally, results suggested that this occurred
regardless of season, although there did appear to be some intra-year seasonal reduction.
Finally, the fact that form the dry season in 1999 on, the “Lake Crago” , “Lake Parker”
and “Lake Holloway” stood out dramatically with respect to all other study sample sites
again implicated some external variable other than rainfall as factors most influencing
TSS concentrations within the Peace watershed.
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Figure 91. Measured (Sample Station in Red) Average Seasonal Total Suspended Solids
(TSS) for Rainy and Dry Seasons, Peace Watershed (1999 – 2007).
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1.6.4.5 Summary of LULC and Water Quality (TSS) Analysis Groups A and B

Whether examining Group A or Group B results, what was apparent for all
temporal periods was that measured TSS values seemed to be noticeably less in areas
subjected to urbanization. This conclusion was supported both amongst and within the
two study groups. The former was evident upon comparison of box plots from the more
urban Group A watersheds with their more rural Group B counterparts. Although Group
A watersheds were limited in the number of sample sites suiTable for this analysis, intergroup comparison showed their TSS concentrations were typically less than those in
Group B. In addition, while intra-group comparisons for Group A were analogous, Group
B watersheds did not behave in the same manner. More specifically, Peace watershed
TSS values were in most cases considerably greater than those for Manatee. The
significance of which was evident in cartographic information. Maps for Manatee sample
sites show they were all located in a highly urbanized region of the watershed.
Conversely, sample sites for the Peace watershed were not only exclusively located at
lakes, but lakes located in the northern portion the drainage basin. While there were areas
of urbanization in this area of the Peace watershed, they were interspersed with a good
amount of wetland, rangeland etc. The fact that TSS concentrations for this area stood out
from all other watersheds, implicated LULC as a major factor influencing TSS values in
each of the study areas.
Similar to AP results however, TSS values in the Peace watershed also exhibited
an unexpected inverse relationship with discharge (and presumably rainfall), and was
most obvious in the high rainfall year 2004 (Table 69).
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Table 69. Average Yearly TSS Versus Discharge Groups A & B (1999, 2004 & 2007).
Average Yearly TSS & Discharge
Year

Peace

Manatee

Hillsborough

Alafia

1999
2004

TSS (MG/L)

Discharge (CFS)

11.5

-

10.0

300.3*

2007

7.5

351.8**

1999

28.0

24.8

2004

6.7

370.0

2007

8.5

21.2

1999

9.1

-

2004

9.4

84.0

2007

5.8

26.4***

1999

18.0

355.0

2004

10.7

423.7

2007

15.5

115.4

* July, August, September & October Data Missing
** June, October, November & December Data Missing
*** September Data Missing

These similarities may have been attributed to the fact that AP and TSS concentrations
are governed by similar processes. In addition, the likeness of factors influencing these
water quality parameters, suggested that TSS results in this study were subjected to the
same geographic and thus sample limitations that were present in the AP analysis.
Furthermore, this would have been particularly true regarding Peace TSS sample sites.
This was evident not only with the presence of inverse TSS/rainfall relationships; but also
with respect to the overall magnitude of average yearly TSS values within watershed.
While TSS values in the Peace were for the most part greater than the other watersheds
(which would be expected given the size of the Peace and its ample source material); they
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did not appear to exceed that of the other basins in a manner consistent with its size
advantage. Again indicating the need for additional down stream TSS data in this
drainage area. This was not available for this portion of the analysis as was the case with
AP, but differences amongst groups A and B were still able to be established based solely
in water atlas TSS data. Where in general, given similar discharge rates (keeping in mind
missing data months) Group B watersheds had higher in-stream TSS concentrations when
observed within the confines of the study data sets. Therefore, while these results were
able to differentiate groups A and B, they indicated the need for data sets more
representative of overall watershed conditions.
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CHAPTER IV

1.0 CONCLUSIONS
This study sought to explain the spatial variability of CDOM according to a northsouth gradient along the West Florida Shelf observed in previous studies by Conmy
(2008) and Conmy et al., (2009). Overall, results from each analysis type (e.g., Soil,
Flowpath, Model and LULC based) were able to differentiate groups A and B based on
factors influencing not only a watershed’s potential to act as a source of terrestrial
materials, but also its ability to facilitate transport of these materials to its aquatic
environments.
Integrated GIS-based spatial analysis showed that in general that Group B watersheds
had more available sources of materials to contribute to in-stream/aquatic environments
through water mediated transport when compared to Group A. Additionally, this higher
source potential was in several instances coupled with comparably higher transport
potential in these watersheds (Table 70), which list the critical factors that explains
differences amongst Group A and B watersheds from GIS-integrated spatial analysis.
This research also conducted statistical point based analysis for soil physical and
chemical properties. The point based analysis of these properties did show differences
that were statistically significant with respect to Group A and B watersheds. However,
during statistical analysis Manatee showed unique results, which could be attributed to
data limitations, namely sample size and spatial distribution.
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Table 70.Summary of group Differences Observed in t his Study.

Group Differences Observed in this Study

SOIL

Variable of Interest

Group A

OM
Drainage Class

More Poorly Drained;
Saturation Excess R.O.;
(Transport Potential)

HSG

Low R.O. Potential Adj. to
Waterways

Model

Flow Path

Slope

More B/D;
High R.O. Potential Adj. to
Waterways;
(Transport Potential)
High SAR Areas Near Outlets;
(Source Potential)

SAR

LU/LC

Group B
Higher Overall;
Adj. to Waterways
(Source Potential)

A few Areas of Higher slope

Aspect

More South Facing Slopes;
Vegetation;
(Source Potential)

Profile Curvature

More Convex/Acceleration
Slopes;
(Source Potential)

Planform Curvature

More Convex/Divergent
Slopes;
(Source Potential)

LS Factor

Overall Higher LS factor
Values

Higher LS Factor Values Adj.
to Head/Surface waters;
(Transport Potential)

C Factor

More 0.0001: URBAN & Water
Bodies

More 1.0: Barren, Sand
Lands/Dunes;
(Source Potential)

P Factor

More (1.0) Class;
Erosion Inhibited;
(Source Limited)

More (0.0) Class;
Soil Contributing;
(Source Potential)

Total RUSLE

Overall Higher RUSLE Values

Higher RUSLE Values Adj. to
Head/Surface waters;
(Source Potential)

Spatial Analysis

Urban Dominant

Agriculturally Dominant;
(Source Potential)

Rainfall/Discharge

Direct R.O. More Prominent

Saturation Excess R.O. More
Prominent;
(Source Potential)

AP

Higher AP Concentrations
(Source Potential)

TSS

Higher TSS Concentrations;
(Source Potential)
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Given that results for Group B watersheds supported Conmy (2008) and Conmy
et al., (2009)’s findings; the following sections will summarize results highlighting Group
B’s increased materials source and transport potential when compared to Group A, thus
helping to explain some of the coastal variability present amongst the two study groups.
1.1

SOIL BASED ANALYSIS (SUMMARY & FUTURE CONSIDERATIONS)
Spatial analysis of soil physical and chemical properties within each of the study

groups showed differences amongst them that implicated Group B as having more source
and transport potential than Group A. This source potential was attributed to not only the
increased overall presence of higher OM soils in both the Manatee and Peace, but also to
the adjacency of many of the these soils to head and surface waters in these watersheds,
which was not the case in Group A. This comparative abundance and proximity to
waterways introduced the possibility that Group B watersheds would be more likely to
contribute organic materials to aquatic environments than Group A. Results for the soil
chemical property SAR also supported the idea of increased source potential in these
watersheds, with both the Manatee and Peace having very localized high SAR (i.e., weak
structured, highly erodible) soils near each of their respective watershed outlets. Either
case suggested both watersheds had more readily available material for transport to its
waterways.
Soil properties also showed evidence of higher potential to transport these
terrestrial material sources to waterways in the Group B watersheds. Drainage class and
HSG are two soil properties known to influence runoff conditions and thus water
mediated transport within a given drainage area. When compared to Group A, Group B
watersheds had more of their total areas allocated to not only poor and very poorly
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drained soils (i.e., implicating saturation excess runoff), but also to HSGs associated with
higher runoff potential (i.e. B/D, C and D). In addition, many of these high runoff
potential soils were located near head and surface waters as well as throughout the low
lying coastal plains of both the Manatee and Peace watersheds. These conditions would
facilitate contributions via sedimentation processes within these watersheds.
The nonparametric comparison of soil physical and chemical properties
performed in this study was inconclusive with respect to the differentiating groups A and
B. In most cases, the Alafia, Hillsborough and Peace were considered statistically similar
while excluding the Manatee watershed. These results seemed to be most influenced by
two major characteristics of the primary data sets: 1) a far greater number of sample sites
in the Alafia, Hillsborough and Peace watersheds which were in many cases localized at
the landscape scale; and 2) a limited number of sample sites located with the Manatee
that were all a considerable distance from any of the other study watersheds. The former
of which excluded the use of tradition statistical comparisons in lieu of a more
conservative nonparametric approach, and the latter suggesting that spatial correlation
may have been factor influencing differentiation of groups A and B.
Due to the homogeneity of soil parent material at the landscape scale, the spatial
portion of the soil based analysis conducted in this study may have benefited from both a
quantitative structure, as well as some sort of biological parameter. Two such factors may
show increased heterogeneity at the landscape scale and allow for further differentiation
between groups A and B with respect to soil properties.
Pedality is a quantitative soil property whose definition implicates it is highly
representative of soil structure. According to Lin et al., (1999) pedality is “the
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arrangement of primary soil particles into compound particles or aggregates”. There have
been numerous studies (Lin & McInnes, 1995; Lin, McInnes, Wilding & Hallmark, 1999;
Quisenberry, Smith, Phillips, Scott & Norcliff, 1993) that have established the
significance of soil pedality in determining water and contaminant transport by way of
preferential flowpaths. Additionally, Scott (2000) credited this property with altering the
pore size distribution, continuity and connectivity, thus being an indication of the ability
of water and contaminants to be transported through the soil’s various profiles. Given
pedality is a quantitative attribute and encompasses many structural components; its
inclusion in a soil study of this nature warrants consideration.
Root depth is a biological factor that has the potential to vary across the landscape
and may warrant consideration in future studies. Brady (2008) noted the importance of
plant roots in facilitating the aggregation of soil particles as well as the long term stability
of the soils which they comprise. Meeting (1993) discussed how root water uptake causes
differential dehydration, shrinkage as well as the formation of a network of small cracks.
He added that root exudations and the continual death of roots (root hairs in particular)
promote microbial activity, which gives rise to the formation of what he termed humic
cements. However, these binding substances are transitory in nature due to their exposure
to continuous microbial decomposition (Hillel, 1998).
Either of these properties would undoubtedly affect soil erosion, transport and
sedimentation processes, thus their inclusion in a study of this nature may warrant
investigation.
Analysis of soils in this study using traditional statistics seemed to be compromised
due to data availability. It would behoove future studies to implement data sets whose
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distributions allow for less conservative statistical methods. This could be accomplished
either through direct sampling or perhaps by determining way to alter the units of
enumeration units as it pertains to the spatial organization of these data sets
1.2 MODEL BASED ANALYSIS (SUMMARY & FUTURE CONSIDERATIONS)
The application of a GIS-based RUSLE model to the two study groups was also able
to identify differences amongst the two in terms of potential sources and transport of
sediment. In particular, coverage (C) and management (P) factors as well as overall soil
erosion potential (A) as modeled by RUSLE in both Group B watersheds suggested they
had conditions of increased source potential when compared to Group A. Additionally,
LS Factor distribution in Group B lent itself to increased material transport with its
watersheds.
Although C Factor (0.0001: Urban & Water) dominated all study watersheds, the
Manatee and Peace both had a greater percentage of their total areas allocated to a C
Factor (1.0: Barren & sand land/dunes) that is known to be more willing contributor of
sediment. Also, in many cases these more erodible lands were often interspersed with
bush and grasslands (C Factor: 0.01) which also pointed to the potential of materials
contributions in these drainage areas. Finally, with respect to (P), both Group B
watersheds had a much higher representation in lands associated with higher source
potential. Additionally, these areas were in proximity to the headwaters of the Manatee
and along the coastal plain and near the outlet of the Peace River Watershed.
All study watersheds were noticeably dominated by the lowest total RUSLE (A) soil
erosion potential class (0.0 – 20.0 kg ha-1 yr-1). And while Group A was actually more
represented in the highest RUSLE class (80.1 – 200.0 kg ha-1 yr-1); Group B watersheds
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showed more instances of moderate to high erosion potential (40.1 – 80.0 kg ha-1 yr-1)
adjacent to headwaters and major river systems. The proximity of these higher erosion
areas to surface water systems may facilitate sediment contributions to nearby aquatic
environments within these drainage areas.
Finally, the dissimilarity in transport potential amongst groups A and B within the
context of the RUSLE model was evident in the distribution of higher (i.e., 0.1 – 0.13 m
& 0.14 – 0.94 m).length of slope factor (LS) values throughout the latter. Despite the fact
that both groups were dominated by the lowest LS class and Group A’s noticeable
representation in the highest LS class; Group B watersheds had more areas of these high
to very high slope lengths near headwaters and along their river ways. Considering that
potential terrestrial material sources have been identified with in these watersheds, areas
of increased slope length in close proximity to surface waters may facilitate transport of
these materials to aquatic environments in these areas.
If total RUSLE as well as each of its factors were considered only in terms of spatial
coverage; there would not appear to be any differences between groups A and B as it
pertains to the potential of its watersheds to act as either sources or to transport materials
via water mediated transport.

However, when considered along side cartographic

information, results for the analysis suggested the Group B watersheds may have had
increased source and transport potential when compared to Group A.
The RUSLE model used in this study was useful in calculating total yearly
sediment yields and erosional “hot spots” across the study landscapes. However, results
were limited to comparisons of aerial calculations and inferences. Therefore, the
inclusion of an additional model that was not only more robust, but allowed for increased
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statistical scrutiny may have been beneficial.
The Soil Water Assessment Tool (SWAT) is a model developed by the United
States Department of Agriculture and has been proven to be an effective tool for
assessing water resource and nonpoint-source pollution problems for a wide range of
scales and environmental conditions across the globe (Gassman et. al., 2007). SWAT is a
basin-scale, continuous-time model that operates on a daily time step and is designed to
predict the impact of management on water, sediment and agricultural chemical yields in
ungauged watersheds (Gassman et. al., 2007). SWAT uses GIS data layers to create an
integrated depiction at the river basin or catchment scale (Neitsch et al 2000). The major
components which can incorporated into this physically based model include; weather,
hydrology, soil temperature and properties, plant growth, nutrients, pesticides, bacteria
and pathogens (Gassman et. al., 2007). SWAT first divides a watershed into several sub
watersheds and then into hydrologic response unites (HRUs). The latter of which are
comprised of homogenous landuse, management and soil characteristics. HRUs represent
percentages of subwatershed areas and are not identified spatially within a SWAT
simulation. This model uses these various inputs to determine the impact of landuse (LU)
and land management at the catchment scale and provides results of water yield, runoff,
loading of sediments and organics amongst others (Earls and Dixon, 2005). This model
provides the potential for: higher resolution results; the inclusion of more predicting
variables; and more advanced comparison techniques.
1.3 FLOWPATH BASED ANALYSIS (SUMMARY & FUTURE CONSIDERATIONS)
Results of flowpath based analysis showed that groups A and B were spatially
dominated by the same attribute value classes: (slope): 0 – 6%; (aspect): North – East;
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(profile

curvature):

concave/deceleration

flow;

and

(planform

curvature):

convex/divergent flow. Examination beyond these dominant classes alluded to both
increased source and transport potential in the Group B watersheds. The former was
attributed to the greater distribution of south facing slopes in both the Manatee and Peace
watersheds. The landscape position of these watersheds implied these slopes may be
subjected to greater photosynthetic activity and thus biomass production. This potential
increase in biomass indicated these basins may have had greater material source potential
than Group A.
Dissimilarities in transport potential amongst the study groups within the context of
this analysis were attributed to the difference in the distribution of slope shapes in Group
B watersheds. In particular, they had a greater proportion of their total areas allocated to
slopes shapes (i.e., convex) known to be associated with sediment acceleration and
divergent flow. Both of these conditions were indicative of soil movement throughout the
landscape by way of translocation processes and thus implicated increased transport
potential as being a factor influencing water quality in these areas.
Overall, results of this analysis were able to differentiate Group B watersheds from
Group A, based on increased source (i.e., vegetation/biomass associated with changes in
aspect) and transport (i.e., prevalence of soil contributing slopes shapes) potential within
the Manatee and Peace watersheds. These conditions would no doubt influence in-stream
and subsequently coastal water environments in these areas and may help explain some
the coastal variability present amongst groups A and B.
The analysis in this study was unable indentify major topographic differences
(i.e., slope, aspect, acceleration/deceleration of profile flow and convergence/divergence
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of tangential flow) amongst the two study groups. Rieke-Zapp and Nearing (2005)
measured rates and patterns of soil erosion on complex slope shapes. The shapes they
used were taken from a slope shape classification system developed by Ruhe (1975). The
five slope shapes studied by Rieke-Zapp and Nearing were combinations of profile and
planform curvature as well as linear slope and were named the following: nose-slope;
head-slope; convex-linear; concave linear; and uniform. Laboratory results showed
concave-linear slopes yielded the lowest sediment amounts under test rainfall conditions
(Rieke-Zapp and Nearing, 2005). Future considerations may involve using an integrated
GIS approach utilizing map algebra operations to determine the prevalence of specific
slopes types throughout the study landscapes. This may be more indicative of microtopological attributes affecting flowpaths, especially when coupled with an increase in
resolution.
1. 4 LULC BASED ANALYSIS (SUMMARY & FUTURE CONSIDERATIONS)
The LULC based analyses conducted in this study were able to identify several
instances where source potential in Group B watersheds seemed to exceed that of Group
A. First, spatial analysis of 1999, 2004 and 2007 SWFWD LULC data showed that
despite an increase in urbanization throughout the course of the study, both the Manatee
and Peace watersheds continued to be dominated by higher sediment contributing LULC
types (most notably agricultural).
Additionally, rainfall and discharge analysis pointed to saturated overland flow as
being the dominant runoff mechanism present in Group B watersheds, which would
influence the constituency and delivery rates of runoff in to in-stream environments. The
dependence of these processes on soil saturation suggests this runoff type is highly
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depended on the interactions of water with the soil interface. It is these soil water
associations that suggested this runoff type may have had more potential to act as a
source of terrestrial materials (particularly organic matter and sediment) in Group B,
especially when compared to the direct impervious surface runoff that appeared
prominent in Group A.
Finally, analyses comparing LULC change and water quality were able to identify
several instances where Group B watersheds appeared to have more source potential
when compared to Group A. While this was evident in both AP and TSS analysis results;
what was also apparent was the fact that these data sets may have been limited with
respect to comparing overall watershed conditions amongst the two groups. In general,
when including PR/MRWSA AP data, Group B watersheds showed greater in-stream AP
and TSS concentrations than the more urban Group A, when compared under similar
rainfall conditions.
Overall, results of all LULC based analyses, pointed to increased source potential in
both the Group B watersheds, when compared to Group A. This was based on the
former’s: increased representation in material contributing LULC types; subjection to a
greater dominance of saturated overland flow; and higher in-stream contaminant
concentrations at comparable rainfall amounts. While these results were capable in
differentiating groups A and B with respect to: LULC, Rainfall and Discharge; and instream water quality; there were numerous data deficiencies (i.e., AP, TSS, rainfall and
discharge) that need to be addressed in order to provide a more complete picture of these
conditions within the two study groups. Additionally, results for water quality analysis
were limited in many cases due to a lack of available data in a desired study year. This
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analysis may have benefited from tailoring the study years to the needs of this particular
portion of the study (e.g., comparing years with the most available water quality
measurements. This could provide additional samples and thus more robust data sets for
which to base inter and intra-year comparisons.
Finally, this study may have also benefited from using an analysis that
incorporated topographic, LULC and rainfall data to estimate overland flow. The Soil
Conservation Service (SCS) Curve Number model was developed to model rainfallrunoff in ungauged watersheds (Lyons et al., 2004). It combines LULC, HSG and rainfall
to ultimately reduce total precipitation to runoff potential, where higher CN values
coincide with higher runoff potential. Considering the following: soil erosion potential
tended to be homogenous when observed across all four study areas; LULC data was
really only able to identify limited differences amongst the two groups; and the number
of rainfall measuring stations amongst the groups were very inconsistent, the inclusion of
a model capable of utilizing multiple variables may provide more differentiation amongst
the two study groups.
1. 5 OVERALL CONCLUSIONS
In this study increased source potential (i.e. availability of terrestrial materials to
be transported to the aquatic sink) in Group B watersheds was attributed to: the
prevalence of higher OM soils adjacent waterways; high SAR soils near watershed
outlets; a wider distribution of more erodable landcover types; higher occurrence of south
facing slopes (indicative of increased photosynthetic activity); increased slope types
associated with accelerated and divergent flow (i.e., increased availability of soil for
transport); and the prominence of soil dependent saturated overland flow. Additionally,
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Group B’s increased transport potential was highlighted by: the prominence of poorer
drainage conditions adjacent to head and surface waters, as well as low lying coastal
plains; and the proximity of higher slope lengths near head and surface waters. Finally,
Group B watersheds’ increased source and transport potential were further supported by
higher recorded AP and TSS values in their surface waters.
Considering these findings, this research was successful in using an integrated
GIS approach to characterize watersheds based on factors influencing soil, LULC,
topography, flowpath and RUSLE thus linking terrestrial sources and aquatic sinks via
water mediated material transport pathways. Additionally, given Group B’s increased
source and transport potential as well as increased in-stream AP and TSS concentrations
under similar rainfall conditions; results of this research may be able to explain some of
the coastal variability of CDOM along the north-south gradient recognized by Conmy
(2008) and Conmy et al., (2009).
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